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ftrated with Ufeful Cajes and Examples. 
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TO THE 



% 
^ 



READER 

THOi there are very 
many Boof^ on tbif 
SnbjeB already extant ^fome 
ofn^bich are very well done ; 
yet I ferfipade my felfy that 
the Plainneff and theBrevi^ 
ty of this TraB will maf^ it 
very nfefut and ferviceabU 
to many Perfons to whom 
Jbme larger Bool^ may feem 
both Difficult and Tedious .* 

A 2 And 



^ To the Reader^ 

"And I map to thin^tbata 

ferp Hintf may be met n^itb 

the Reader a much clearer 
unddiJfinBmmn leftie Na* 

tf mmft'iiy t^ h met mth 

inBbt3^oftbifS9ih}e&; e» 
J^eciaSy sis to the R ationale 
(jfS tatittg a Qokyand Form*- 
bg a Cation to n^r\ : by 
wintby tiH a Per/on can rea- 
do^ he is by no means a 
Mafier cftbir Science. 
ri^ th6 a Man may ifnly 

by 




■ 1 
To the R ea^ef . 

iy R uks tontrived to help 
tbe Mintory, ntain a thing 
* grfttt W'bik^ iJ^eciaHy if 
France mal^ it ready and 
familiar to him ; yet Vir, / 
thini\^ njhch better ^ in order 
to f revest Mifiaf^s or BbtJi' 
ders ; or to avoid being fue- 
led with fime Difficult tes^ 
ti?bicb either the Nature of 
a Qpteflion^or the Manner of 
frofo^ng it, may fometimes 
occafion : * J is much better, I 
fay, That the Learner be let 
into the whole Myftery, fee 

the 



To the R eader. 
ibe Thing to the very bot- 
tom ^ and be prmitted to ta^e\ 
no Step but where he bath 
folid Demonftration to ft and 
or proceed ufon ; and then he 
will be out of danger of ei* 
ther^ being deceived him- 
felf or exfofeng the R efuta- 
tionofhfs Teacher* 

I queftion not hut this Ut- 
ile BooJ{^ mil be an Jnftance 
of the PoJJibility and Facili- 
ty of proceeding in fuch a 
Method; and ivill convince 
any unfrejudicd Perfon^hat 

thi 



To the Reader. 

the Theory and Pradice to^ 
get her, of ajiy fart of Mithe- 
maticks, may be taught as 
foon as the FraUice alone 
without the Theory, 

The Keafon of its Publi- 
cation waSy that it might 
be in the Hands of my Audi- 
tory at the Publicly Mathe- 
matick LeSure in Birchitir 
\uzntywhen lam explaining 
this SubjeS to them ; and 
where as foon as I havefini- 
fhed Plain Trigonometry, 
Ifiallfroceedto Read Sphc- 

rick 
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•jSy ^ohn Evcltn^ Efqj With fcvcral curioui 
Cuts FoL 

The New Method of Fortification ; Tran^ 
jQated from the Original Dutch^ of the late ' 
famous Engineer, Mirrno Baron of Kpehoom^ 
Geneial of the Artillery and Lieutenant Ge- 
neral of the Infantry of the Sutes of Hoi" 
land i Govefnbuf (tf Flanders and of the For* 
tteSks on the ^j^dd^ifc* By X&o. Savery 
Efqj Fol. 

Military Architcdune , or the Art of For* 
tification, comprehending all -that relates to 
Plans of Places^ to Topographical Map^ to 
the Defcriptions of Sieges, and all Warlike 
Inftrumencs ufed in Defending and Attacking 
Towns Befieged > to Battles^ Marches of Ar-* 
tnies, and Incampments, C^c . reprefcnted in 
cne Copper Cut on Royal Papeh Price i /. 

A Treatife of Fluxions : or an IhtroducStioii 
to Mathematical Philofophy : Contaihing a 
full Ej^icatio^i of that Method by which 
the moft celeb^^ated Geometers.of the Prelenc 
Ag^ have made fuch vaft Advanfies in Me* 
chanical Philofophy. A Work very Ufefiil 
for thofe th^t would know how to apply 
Mathematicks to Nature. By Charles Hajies, 
Gent. FoL * 

A New and moft Accurate Theory of the 
Moon's Motion ; whereby all the Irfegulst* 
lities may be Iblved, and her place Jthdy cal* 
culatcd to two Minutes, Written by that In- 
comparable Mathematician Mr. IfiacN^wton^ 
and publifh'd in Lfluin by Mr. DavidGregqry 
'm his Excellent Aftronomy. 
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TRIGONOKdETRlf is the 
Arc ai Meafurrd|| Trhuijgks ^^ 
d»r of ^toilaring the »de$ , oi aoy 
Triangle fought ." and it f^uch de^ 
|>^hds on the Knowledge of the fol« 
IbSving'Ltfldsinf smd about H: 
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TO THE 



READER 

TUG there are very 
many Bool\s on thit 
SubjeB already extant^ fame 
ofrphich are very well done ; 
yet I ferjtpade my felf, that 
the Tlainnep and tbeBrevl^ 
ty of this TraB will mal^ it 
very ufeful and ferviceabU 
to many Perfons to whom 
feme larger BooJ^ may feeni 
both Difficult and Tedious : 

A % And 



^ To the Reader^ 
^i I dm aft to rhin\tbata 
feup Hintf may fe fnet mth 

the Reader a much dearer 

i^w po/TfigOfioiatery, tian 
tf tfmnmty t^e be met mth 
in Bbt>^ vftim Suhje^ ; e" 
JpeciaSy as tt) the R adonale 
(^tatmg aGafe,^;^ Form*- 
iilig a C^mon to n^r^ : by 
iMth, tiU a Per/en can rea- 
do^ ie ^ by m meanr^ a 
Mafier oftbh Science, 
Fiff ihd a Man may only 

by 




To the R eadef . 

iy K ults €OHt rived to help 
fke Mifnory, rttain a thing 
4 great u^hUe, ej^eciaUy tf 
France mal^ it ready and 
famliar to him ; yet 'tis, I 
tMnl\y much better , in order 
tofre*v€nt Mijial^s or BbtJi' 
iers ; or to avoid being fue- 
led n>itb fome Dij^cnlties^ 
which either the Nature of 
a Qu€fli0n.^or the Manner of 
fropofing it, may fimetimes 
eccafion : */ h much better^ I 
fay. That the Learner be let 
into the whole Myftery, fee 

the 



DC -h C R = DR the Ver^dSii^ 
oftlieArkDFO. 

lo. Th^ Radius widi the Sine and 
OSine of any Ark (as TO) do 
make a Right»aople Triangle, as 
O C Rf wych is rnnilar to the Tri- 
4ngle CST, made by the Radius, 
the Tangent, and the Secant. Alfo 
the Radius, the Co-Tangent, and the 
Co-^xSiOtf nuke another Triangle 
iimiHir to ^c two former. 



Henco 



Cil 




Hence His pletiij^ 

i« thai «s the Cd>Sioe is to ^ 

B 4 Sinc^ 



sine, fo is the Radius to the Taogg^. 
Thetis, CR.RO::CT.TS, 

I. As Radii^s i&to the Sine ; : fo is 
the Secant to the Tatteent. That is> 
pO.OR::CS.3T. 

, %. A$ the Sine is to jthe Radius :; 
fo is the Radius to the Co-Seoant. 
thatis, DR.QC:;FCC>:r. 

4. k^ the Tangent is to the Ra« 
dius:: fo is Radius to the Co-Tan^ 
gser; asST.Tp:;CP;]eN. ' 

Therefore the Re6langle betweeij 
jhe Tangent and Co Tangent of any 
Ark is equal to the Square pf tb« 
Radius, • ' 

I I. Every Triangle has fix parts, 
of which three are Sides and three 
Angles i and of thefe if we have thriee 
gtven^ W!^ C^h find the rdft^ (exodpt: 



• I 



in 



(9^ 
In the Cafe where the three Angles 
only of a plain Triangle are given, j 

For from thence the Sides cannoit 
be found, -becatile two Triangles naajr 
pe ec]uiangular,and yet have the Sides 
% ho means of the fame length. ) 
We can find the reft, I <ay, if flip- 
pofios the Radius divided into any 
Number of equal parts^ we cap but 
difcover how liaany of (uch parts any 
Sine, Tangent, or Secant of any Arfe 
or Angle doth contain. Now this 
is ready done to our ^ands, in the 
>Tabl(?s of Sines, Tangents, and iSe- 
cants, which we have, with prpdi- 
jgiQus Ipdiiftry, in 3ooks ready cal- 
culated for this purpofe. 

. 1 2. When therefore any Triangle, 
is given to be refolved,' th6 firitt 
thing we have to do is to conHder^ 
that there is in the Table of Logja- 
ril^ois, Sines, Tangents, and Secants, 
•' • aTri. 



( 10) 

^fiangle txzGtly (itnilar and equal to 
tlttt which we are required to fdve, 
ind wfaofe Sides are to one another 
in the v&rj fame proportion of tfaofq 
of ilie Triangles propofed. 

%. We mufl: underftand whatever 
KsM one Side oF the Triangle given 
hath to the other Side about the faise 
Angle, confidered as Li^ngths efti- 
mated or numberM by any known 
meafurei as fuppofe Inches, Yards^ 
Miles, Leagues, &e. the very fame 
hath the two Sides about the fame 
Angle in the Triangles in the Tables, 
or m the Tabular Farts: which two 
thiiigs well underftood, do lead us 
into the whole Myftery of Trigono- 
metrical Calculations. 

13. Trigonometry is either Plain 
or Spherical; and both may be re- 
folved by the means of four PrOpor- 
tions, which becaufe of their excel* 
l^nt Ufe are called Axioms^ 1 4. 



I 

T4. The fir ft of which relates to 
Reftangle plain Triangles; and is 
this. 

Axiom L 

In a Right-angle Triangle, if ej. 
ther of the Legs be fuppofed to be 
the Radius of a CirCte, tte other Leg 
will be the Tangent of the oppoHtfc 
Angle, or of the An{|le at the Cefltrc ; 
and the Hypothenufc will be tibe So- 
cant of that Angle : But if you ima- 
gine the Hypothenutfe to be die Ra- 
dius of a Circle, then each Leg wiH 
be the Sine of its oppofite Angle, or 
of the Angles at the Centre ; a$ is 
plain from the adjoining Figures. 

In the firft of which, B (the Bafe) 
being made the Radius, P ( the Per- 
pen^cular ) is die Tangent of the 
Angle at the Centre of the Circle ; 
« which is oppofite to P and the Hy- 

pothcnufe. 



( H ) 

^othcqufe, is the Recant of ^Iie faaift 




In the fecond f imire, where P is 
made the Radius^ E is the Tangent 
of the apppfite 2kBgle at the Cen- 



V 



/« .' 



In thctlm-d Ifgoi|, wh6rc H the 
Hypothenufc is hfiado the Radius, P 
is the ri^t Sine dClhe oppofite Ao- 
gle at the Ceorfe -f And, ^ ^ 



«■* 



In the fourth Figfire, H-beingalfo 
made Radius, but C the Centre of 
the Circle, B will he the Sine of its 
oppoficc Angle c 
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(Il) 



The Severn Csfei ofPldi» Tristigies, 



(jiTcn 



te- 



Proportions 



qui- 

rcd 

3 I B. H ;V4/ > H, y: ; B. S, ^ i g y^. h rT^ 



SiTen 



re- 
qui- 
red. 

€ 



^>H 



I1 1*> 



which finds 
the Vt 



H.t..':fi.S,« 
Tbe«R.T.»uftf 
O^I|^B;;T.fcP 

61 B. P , ^ u.ifeV.^rr.». by thelaft. 
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Thet<g> JP*.; R.H jy'. 
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BTtfS 



P=i2d 



7^# 



(H 
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the Seven Cafe* ^ KigU-H^ '' 

I 

case: I. 

Given % ^ and i. iRequired F ? 



R.Bh: 

u— — ^— 



•ymm* 



Canoa R.Bh:T.^.P? 



T,i =9.6197305 ==xi*. 37'. 

^^-^f — 

V =2.5050/817 =320 = ?? 

The General Rule for ill Operati* 
Ons in ' Trigonometry, is, to write 
down the Numbed s found in the Tar^ 
bles according to the Order the 
Canon: and thetji adding together 
the ad and 3d Niimbers, from their 
Sum fubftra^l thi*. ift, the Remaih- 

d©r 



( lO 

def i$ the Logarithm of the Ternt 
fcx^ht. 

Bjf GunterV Liw i Extend the 
ComiMLfles from 45 deg. o& the Tan- 
;ents to as deg< }7 mia. the fame 
Jxteot will reach in the Line of 
Numbers fi-om 768 backward la jj-so* 

CASE IL 
Given B, a, b* Req. H ? 

s 
mi 1.1 ■ •■q I I p M II 1^ i 

S,4.B::R.H. [ 
S, A ss 9. 9^^34So =s 67*. a^'i 



•■•^i"«#i" 



R =^ *. 885361a = 768. 



mm^m^m'^mft^ 



H == i. 9x0x133 = 83a. ~ Hi 

% Gufltejr'jr £^4iS;; JgxttPd th* 
Qompdfies iioux 6y deg. 23 mia* to 

90 



00 deg on the Line 6f Sines ; the^aintf 
Ektete will reach froni 76 J to S^% 
on the Line qf Numbers* 

The gmrjU Mifko4 to fidtii dxf Csfi; 

«r to form the CdnoH. 

Copiider that the thing fotight 
xnuft always ftand in the 4th or laft 
Place : ana therefwe m Caf. i. fincc Vj 
a length is fought, that thuft be the 
laft of the Four Terms ; 0ace k 
therefore laft with an Interrogation- 
point after it, to Ihew thiit it is' r* 
required or fought. 

< * * 

In the Golden Rule tbe^ fecopdand 
fourth Tfcrms being alM^ays of the 
fame nature or kind, and F b^og a 
length fought, and B the only lek^h 
given J B is neccflarily determineato 
TO in the fccond place r Write it liowfli; 
therefore in that place with four 
l^ornts after it thus :: to fliew tJiat 



. ( '7 ) 

t!ie Proportion disjoins or breaks off 
there. 

J. Confider that the Hypothenufe 
not being either given or lought; the 
firft Axiom determines you to work 
by Tangents ; and the Side given B 
being fqppofed Radius, the Propor- 
tion muft be ; As B confiderM, as Ra* 
dius i? to its fclf confidered as a 
Length given : : So will P confidered 
as the Tangent of the Angle by be to 
its felf confidered as a Length fought. 
That is. 



R.B::T,^.P? 



*■ 



\ 




B7tf8 



p=i20 



... ■ { 



If 



( t8) 

IC the Aogle h bad been ibugh^ 
that muft have been placed laft, and 
it. would hfkve ftood thus } asinC^ 

the. 5 th* 



i^pvq^iF«W»"qpi**«l^^"*«W4>'''"*'*^'*'*^ 



B. R : : P. T, B>\ 



m m * II II ■ .. II . ^ 



Biat if the Hypothenufe £iad been 
in the Qiieftion> either given or re- 
Luired, yon miift have worked by 
[ines, and the Hypothenufe wiD be 
always Radius \. asiiaC^ 2. where 
H is lought. 

For H being required, it muft 
ftai^ in the 1^ place, and fince B a 
length is given of the fame Nature 
with H, that mnft h% in the fecond 
place : And then fay by Axiom i. As 
B confidered as the Sine of the given 
Angle if, is to its felf confidered a&a 
length ; fo is H confidered^ as Radi- 
us, 



(IP) 

US, to its (elf as a length fought 
That is, - 



S, 4. B : : R. H 



I*** 



And to fhew the Extenfivc Ufe of 
this Do£bine of Vlain Trigonometry^ 
the General Triangle above defcribed 
andnumbred, may either firft relate 
to the Sea, and then thefe feven Ca" 
fes will be all the Cafes of PlMnSail- 
tug ; and alfo of Mr. Wright'sy or as 
'tis comcnonty tho' falHy Galled, Jifer- 
M$^% Tot ; regard being lirft fwd td 
^ way ok working by Meridional 



Fr6m 



• - * « 



(*o) 




^Departure 



B 



For, in this Triangle the Angle a^ 
is the Angle of the Rhumb, or the 
Angle which the Line of the Ships 
Courfe makes with the Meridian, and 
therefore ufually by the Sailers called. 
The Courfe ; and the Side P reprefents 
the Meridian of any Place, acrols 
which the Ship is fuppofed to fail ; 
and confequently on it muft be ac- 
counted the difference of Latitude 

between 



L. 



(" ) 

bet^'een the two Placies a and b. The 
Angle h is the Complement of the 
Courfe, or what that Angle wants of 
90 Degrees, and confequently known 
when the Courfe is fo. The Bafe re- 
prefents the difference of Longitude, 
or the departure Weft, or the Wett- 
ing of the Ship in comparifon of the 
Place at a^ that fhe is fuppofed to have 
parted from :and the Hypothenufe H, 
reprcfentsthe diftance Sail'd, or Run 
(as the Seamen calUt) or how many 
Leagues or Miles the Ship hath failed 
from the Place 4 to the Placed. 

This being underftood, if this firft 
Cafel)emade a Cafe of FUin Sailingj 
there will be given Courfe and De- 
parture ; required difference of La* 
titude, and the Canon is* 

As Radius is to the Departure in 
Miles : ^ So is the Co-tangent of the 
Courfe, to the Difference of Latitude 



"F "F 



V 



(»0 



I #5^ 



r 

AT. A Here the Ship beii^ at ^ is 
Ajftpofed to Sail to the South Weft^ 
Mrard (q£ tofpeakcxaftly, WAW.> 
and ther^ore her dif&rexicQ of Lati^ 
tude is reckoned to the South, and her 
dfipartuce to the Weft : But by In- 
vfirting the fame Triangle, you may 
fuppofe the dtflferencQ oi Latitudie. 
North, and the Departure Egft ; for 
the North is accounted to lie right be« 
fore you, and confequcntly the Eaft 
to the Right-hand, and the Weft to 
the Left ; wherefore the Courfe now 
isE.N-& 



^ 



ft. If yott would apply tlie bo- 
^ride oF Tr^oti^metryy to the Caku- 
ktion of Heights, Depthi) Diftances, 
the fame Triangle and Numbers will 
do } regard being had to the Nature 
of the Terms required and fought. 

For the Perpendicular P, will re- 
prefent any Altitude ; and B, will re> 
preient a Diftanoe from the Foot of 
it meafured on the Ground : Tht 
Angle at ^ is found by the Quadrant 
or. tome fuch Inftrument ; and confe- 

?uently you may find P by Cafi i. 
or 

As Radius is to tlie Diftance, from 
the Foot oi the Objed : : So is the 
Tangent of the Angl« of Altitude, 
to the Height of die Place, /. e. 



R.B::T,^.P.| 



C 4 Or, 



C 24 ) ^ 
Or, fuppofe the Diftance B were 
required from above, by taking the 
Angle 4, and finding the Length of 
P, by a String and Plummet, Then 
will 



R. P : : T, 4. B 



This being promifed as to the gene* 
ral Ufe of Trigonometry ^ let us proceed 
to 

CASE III. 

Given B, H. Req. the Angles 4, b. 





H. R : : B. S, 4 




H = 


2.9201233 = J 


131. 


R = I o. ooooooo 


B = X. 88536ii — 768. 


5,4 = 


■■ 9.965x37^=^ 


7.2^. 

: Angle 4. 
Which 



( 35 ) 

Which Subtrafted from 90% gives 
the Angle b — ix". 37'. 

By Guntefs Scale, the Exteac from 
8}i, back to 768, in the Line of 
Numbers, will reach from 90*. to 
67". 50'. in the Line of the Sines. 




p=;20 



B768 



CASE IV. 
Given B, H, Req. P. 

Having found a, by the foregoing 
Cafe, this will be the Theorem. 



■§«■ 



R. B : : T. b. P. 



m^i^^mm 



Or, 



Or, 



-^•■■i**" 



trnf^amm 



R. T, * : : B P 



R =io. 



B 



9 tf 197205=22*.37', 

2. 8853512=758 



2. 5050817=320=?. 

-a- 



By G«i!tfer*s Scale. 

The Extent from 45^ in the Tan- 
sent-line, back to sx". 17'. will reach 
in the Line of Numbers from 768, 
back to 310. 



CASE 



C«7) 

CASE V. 
Given B, P. Rc^. V V. 



B. R : : P. T, ^ 




B=3,88sg6ix = 768 



■*'••*»— ^Bimi^i 



R,=^io. 

P = 1, 5051500 = 320 



W W '9 



T,^ = 9.6197888 = xi».37's=A, 

Which xa*. 37' Subtrafted from 90 *. 
leaves 4 3=^7°. SI j'. 

By Gutfte/s Scale. 

The Extentfrom 768 back to ?to, 
in the Line, will reach ht)m 45 back 
to 22'. 37'. in the Tangents. 

CASE 



(28) 



a 




V'72.o 



. C A S E VI. 
Given B, P, Required H. 

HaviDg found ^ by the foregoing 
Cafe, this will be the Theorem. 



I S, ^. P : : R. H. 



5,^ = 9. 5849685 = 22" 57' 

P =Z, 5051500= J20 

R = 10, \ 



H =1,9201815 = 8}2 = H? 

By 



( 19 ) 

By Guntefs Scale. 

The Extent from xx^ 37^ for- 
wards, to 90'' in the Lioe of Lines^ 
will reach from 52©, to 832 in the 
Line of Numbers. 

CASE VII. 
Given H and v* V, Required B? 



R. H ; : S, A B 



R>=ic, 



2, 920113 J 
8,4=^9,9652480 



8)2 



B= 1, 88537 19 = 768 =B. 



By 



(30> 
By 0««/«r*6 Scaler 

Tb» Extent from 90° ifl Line of 
Sines back to 67* a^' ynH teaidk m 
the Lbeof Nittabevs frodi 8)» back- 
wards to 768. 



ZIOM 



Tie Refolntiott of ObUqne 
Plain Triar^les. 

Axiom II. 




m fnportion to am M$mher^ M $bt 
(ftfmr iffofife Jm^u 



Let fall from the Angle ^, a Perpen- 
dicular to the Bafe A c: For then the 
whole, will be refplvecj into two 
Right Angle Triangles ; and confe- 
quently by Axiom the firft Ab.K: :bd. 
SjA. alfo^r. Tk\:bd. S, c. wherefore 
db.bcii^c.S^a. by Equality of Pro- 
portion. 

Otherwife thus ; Draw a Circle a- 
bout the Triangle from whofe Centre 
O, let the Perpendiculars A O e, Ok 
and O ^ be let fall to the three 
Sides of the Triangle, and the Lines 
ody oby and (7 ^ be drawn to the three 
Angles. 

The Sides of the Triangle will be 
bifeded by the Perpendiculars, and 
confequently 4 e will ht — eb^bk—kc 
and ct—ta. wherefore as the whole 
Line 4 ^ is to ^ ^ : : fo will the half fide 
We be to the half ir c ; but ae and kcy 
are the Sines of the Angles at the 

Centre 



(JJ) 

Centre aoe and koe^ which Angles 
at the Centre are feverally equal to 
the Angles of the Triangle c and a^ 
becaufethey ftandon hdlfthe Arksy 
that the Angles of the Triangle do ; 
wherefore ah. be iiSjC.SyA. 

Let H, B and O, be the Sides of 
an Oblique Plain Triangle, a^ b and r, 
its three Angles ; here becaufe thers 
is no Right Angle^ three things muft 
be always given ; that is, either two 
Sides and one Angle, one Side and 
t^o Angles^ or elfe all the three 
Sides. 

From whence will arrive the three 
former of the fix following Cafes. 



D Given 



Ci4) 



1 H.O. A 



Given, Required. Proportions. | 

d,Sr: mvs, ^rWote 

(kit t^ Angle h is anbi- 
^guoBs, tod you muft c(4-< 
lied from t)ie Cirpimftan- 
ccstrf the Triangle, whc^ 
ther It be Obture or Ac 
cute. 

Here firlt find the An- 
gle b by Cafe i, thence ^ 
,Ufifl ber known by taking 
the Sura of b -{- c, from 
li8oo.ThenS,tf. H::S,tf. 
lPrS,*.0 :: S,<i.a 



■JtMMMha«MM^ 



H. O. r. 



B 



I \c.h,0, I H. j $,g. O ;: S,A. H. 



H. tf. O. 



c.i. 



H-+-0. H~0::T 

^ Z of the oppofite Angjes 
to T J. X ot the oppoiite 
Angles, and 1^ Z 4- T X 
=^andj.Z— iX=2f* 



H. a, O. 



B. 



Rnd the Angles by the 
former Cafe, and then S, b. 
H::S,d.B. qtSyC. On 

S, 4. B. 



H. O. B. 

3 Sides. 



and then ^ B 4- ^ X = 
CBandi-B — |.X = B^, 
3 Angles. Then will H. R : : C B. 
Co-iine Angle C. and 0« 
R : : ^ B, Co-fine Angle b. 
Axiom I. 



And the three laft are folved by the 
help of the two following Axioms. 



< H > 
Axiom IlL 

jis the Sam of the Legs about the AngU 
ghe^i «f to their Differ eme : : Sok 
the Tangent of hdf the Sum cf the 
tfthfr two Jj^ksy to the Tangent of 
hdf their D^ereme^ 

Now the Sum of the other two 
Angfcs is knowa> heiiffi what the 
given Angle wants of iso Degrees 
and cheir Dif^rence is now £ound ; 
add th^efore their half Sum, and 
half Piffer^oe together, and ic gives 
Jf ou x}s» greater of the tm Ar^gles fought ; 

and hau tjie Diii^rence SuJbtraded 
frow the half 5w» leavea the leffer 
Angle IjQUgiit And thge having 
^uod the Angles ;; if the (ide o|xpo- 
fiiie to (he iormer givea Aagle be 
(iEHJght, it will be found ea%, by 
Pardfe'i J^iifmf That the Sidgs af e as 
^e Sines of the Angles. 

D 2 D £. 
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The Demonftration of the Third 
Axiom is briefly thus, 

DEMONSTRATION. 

I lay the Sum of the Legs of any 

Angle ay is to their Difference : : as 
the Tangent. of i the Sum of their 
oppoifite Angles, is to the Tangent of 
half their Difference. 

Produce O one of the given Legs 
of the Angle given, till a /become 
equal to H or C 4, and then bifed hf 
in ej join efj and i>ifefl: it alfo in a: 
Di aw a dy which will be Perpendicu- 
lar tor/(x. i6.) and draw^^^ which 
will be Parallel to (T^; (6.91.) Then 
will the Angle cad^ddf: i. e. to 
the half of c af. which External An- 
gles 4/= r-^-^: That is, to the 
Sum of the oppofice Angles requi- 
red. 

Draw 
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Draw then g a^ Parallel to c b ; fo 
will the Angle^ 4f be equal to the al- 
ternate one c. And if from t the Sum 
of the oppofice Angles you take the 
leffer Angle: /.f. if from cad^ you 
take ^ if r, there will remain the i^n- 
ghgad equal to half the Difference 
of the oppofite Angles. 

And fo alfo, if from b e half the 
Sum of the Legs, you take O the Itf- 
fer Leg, there will remain a e equal to 
half the Difference of the Legs. And 
then fince the Triangle cadis Right- 
angled, (by what is proved below in 
the next Figure fave one) if 4 ^ be 
made Radius, c d will be the Tangent 
of the Angkcad (L c. the Tangent 
of i Sum of oppofite Angles ;) and in 
the little Triangle ^ 4 rf, ^^ will be 
Tangent pf the Angle gad (i,e. the 
Tangent of - Difference of oppofite 
Angfes.) But the Segments of the 

D 3 UQi 
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Legs jaf any Triangle cut by Lines 
Parallel to the Bafe being Proportion 
nal, et. ea :: cd. d.g ; That is iq 



C ^-- 



^^ 



A 







• 



words, Half the Sam of the Lm is ttt 

half their Difference ::at the Tangent 
efi the Sum ^the (^»fite Jngle, is Wi 
the Tangent <f f their Difference ; but 

Wholes are as their Hafyes: \^here- 

fore 



( 39 ) 
fore the Sum of the Legs i$ to their 
DiTerence ; ; As the Tafl|eot of i the 
Sum of the oppofite Angles, is to the 
Tangent of half their Difference. 
Q,E.D/ 

Wheirce the two following Cafes 
win cafily be folved. 

Firft, Given H, O and a^ Req c^k 

ForH-f O H-0:: AsT,iZ 
oppofite Angles, is to 1\ \ X oppofice 
Angles, and theni Z-h t X = ^ and 
? Z t X = ^f 

Second, CJiyen H, and ^, Req. B ? 

Firft find the Angles by the former 
Cafe, and then S, J. H : : S, a. B : or 
S, r. O : : S, 4. B. by the fecond A- 
xiom. 



D 4 A x; I OM 
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AxiQM IV» 

Tbe Bdfe it to the Sum of theirs :: as 
the Difference of the Legs is to the 
Difference of the Segments of the Baje 
made by a Perfeneticular let faB. front 
the Angle oppofite to the Bafe. 

For, there is alfo another Cafe in 
plain Oblique Triangles, which re- 
quires a particular Axiom to folve it ; 
and that is, wheire All three Sides ar^ 
given to find the Angles. Here let 
'all a Perpendicular from any Angle 
to its oppofite Side asapf ^nd then 




(ay, 
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fay, AstheSideirf^isto^4+4rthe 
Sum of the other two Sides : : So is 
the Difference of thofe two Sides da, 
^Ac toz, fourth Number. Half of 
which added to t dc^ gives you the 
Segment of the Bafe d f ; and if Sub- 
tradied from \dc^ it will leave the 
other Segment^ c. And when thofe 
Segments are thus found, the Angles 
are eafily had thus : d a. Rddias \ : dp. 
Co-fine of the Angle d And a iJU- 
difis ::p c. Co-fine of the Angle C 

The Demonftration of whigh lafl ' 
Axiom is this^ 



DEMON^ 



t40 
DBM0N8TRJTI0N, 

On tlie Centre *, with the I^ftance 
M c defo-ibe a Circle, which wiH In- 
terfea boththcother Sides of the Tri- 
angk, and then z i wifl reptie^tiie 
Sum of the Legs ds and xe/ ^ will 
rt^refcnt tlieir Diflfercmce, and df 
will reprcfent the E^ereuce of the 
Si^menis of the Bafe made by the fkil 
of the Perpetrdicular * P. 

Theft I fay, d^. dz.;:de. df. That 
is, The Bafe it to the Stm p/ the l^tf 
I '.as the Differet^ce between the two Sides 
it to the Difference of the Segments of 
theEafe\ as is apparent from Prfip.6j, 
of Pardie's Sixth Book, after drawing 
^he Prickt Lines e c and /-& 

And then the Cafe will ft and 
thus, 

3, Given 
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I, Given H) O, B, all the Three 
Sides, Required the Angles. See 
the FigiMres {>efbre. 

Ifay by this Axtom B. H4-0 : : 
H— O.X, which exprefles the Dif- 
ference of the Segment of the Bafe, 
= ^/ in the Figure. 

And then having found X i B+f 
'Si.^d pf the greater Segment, and 
t B— i X = ^ r the Mcr,bjr which 
means the two Right-angled Trian? 
gles a df and afc will be folved eaii- 
fy : for 49(4. Radins :: df. Co-(iaeof- 
the Angle d. and a c. Raditu :;9Sf^^ 
po the Co-fine of the Angles; 



Th 
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7he Operation of the Six Cafes of 
Oblique angtet/ Triangles, 

CASE I. 
Given H, O, c, Required L 

a 




945 B ■ 




The Numbers of the Triangle are 
as follows. 

V ^ = 22°. 37' 

V ^== 53« 08 

V 4= 104, 15 Or,itsSuppl=75».45' 



H =780 

O = 574- 9 
B =945 



O 
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O = 2>f739t54 = ?47- 9 

8,^ = 9. 584968; = zx*. ly 
H = 2. 8910946 = 780 

Sum = 12.4770631 

8,^ = 9.9031477 = 530.8^ 



CASE IL 
Given H, O, c Required B. 



SfC.O::S,a.B. 



S,f= 9.5849585= ajo. 37' 





S,4 

urn 


m 

m 


a- 57^9154 = 
9.9864275 = 

iz. 5*603427 


= 374. 
= 104°. 


9 
15' 


B 


— " 


2.97n74» = 


= 945 










CASE 



(46> 
CASE lit. 



rj^^^,.^^t^S^\^ 



^ 



/. 



«•«' 






.« 



-'Tiv: 



Given^ ^, 0. Required H. 

S,« xs 9. 5S49695 ?n ^« jy# 

0=^ 2.573915^=174- 9 

* ■ M ■ I I 1,1, 

Snm^i>.477P*j8 



H = «. 89?ojf5j :s=78a 



■p*^ 



CASK 
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C A S E IV. 

Given H, 4, 0. Required ^, «. 



|H-f an— O : : T, iZ op.v'VT,iX op. VV| 

1^— — P— Mi— ^ ■ I ! I II , ^ ■■■ — . .. ■!■ ■ 

H-H> = iiJ4. 9 
H'-^Oss: 405, I 
f Z opp. LL = 370. 52r 



mmm 



H+0= J.o62f8io = iij4 9 

H— 0= X. 607455^0= 405. I 
Ti Z = 9.^907*54= 379.52' 



-m . ■ ■* 



Sum = 12.4981804 

T,i X, 9.4555984*= i5«.t5r 

Thenwfflt2+tX = 53'»7'=^.- 
ao4iZ--iX = 22«j7 3=f. 

CASE 



(4S) 
CASE V. 




^o. 



945 -B ■ 



^h 



Given H, 4, 0. Required B. 
Find the Angles i and f, hyC^e^. 
then 



S, ^. H : : S -«• B 



'W 



S,^= 9. 9031084= 53». 8 

H = 2. 8910946 = 780 
S,4= 9.9864275 = 104*. 15'* 



• tm 



Sum = i2.^785»i9 



«Mi»'^^Mki 



B= 1.9754*35 = 945 
* This is the Sine of 75. 45> t^ 
Supplement of 104. i $ ,to a Semicircle. 

CASE 



( 4!^ ) 

CASE VI. 

GiveqH,0,B. Required Three 

Angles. 



^Mm^ 



B.HH-0::H— O.X. 
iB-HX=:CB&iB— iX=B^ 
a R:: bc.:se:k O. R ::Bh,^6 

I • ^ ^^ — 

H-l-0 = 3.0611058 = 1154.9 
H— = 2.6074540= 405.1 

aB = 47ii 5.6696958 = 

1.0941280 = 495 

1 1 11— I— <i^— 



E H 
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H= 2»89loj5!j=78o' 



^•WWM 



Sc= 5».sKJ52672=2a937' 



O a= a.5739154 
R =10. 

B^:= 2.3531825 

S*i= 9.7782671 =53»o8' 



And whea thus the Nature, Ret« 

fon, and Method of Operation in 

the Cakxikdf^ of the Sid^ And Aa> 

gles of Obi«^ Triangles, is fully 

underftood ; its Application, Ufe^ 

and Praftice, will be very eafie and 

plain, tho' its extent be very large 

and ample. For, 

Firft, 
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]Pirfl:, If you have a mind to apply 
it to what they call Oblique Sailings or 
the Doftrine of Oblique Plain Trigth 
nometrj^ applied to ^4////ir^; yourror-- 
mer Triangle and Cafes will reach all 
that you can defire. 

A& fuppofe a Ship Coaftii^ along 
by the Shoar from the Place by fets 
an Head Land by her Compafs (as 
aod finds it to bear from her 
S.S. W. then fhe fails on, W. S. W. 
51. 5 Miles or Miniwes to 4 ; and 
then finds that the Head Land boafs 
fioB her foil S.E. 

Tis feqpiired tt> decermifie ber dl- 
ftaace fivm this Head Land wbed Sue 
was at^, aodoowibeisat4« 



£ % Firft, 



( 5i> 




t, TaPlot the Triangle. 

'a ftrait Line asB, reprcfen- 
I lirll: bearing of the Head 
which was s!s.W. Then 
the Ship Sail'd Weft South 
nake tlie An^Ie l>, equal to 
1 fo will the Line reprefent 
mce failed, and h will be the 
Prick off the Diftance run, 
5 Miles from h to a, Thea 
;he Ship failed W.S.W. the 
' Rumb from 4 to i, muft b» 
E.N.E: 



I, 



V -c 
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E N E : And fmce tl^ Sbuth Eaft 
Ruoib makes with that, anAogleof 
^7° 30*, you moft make the Angleat 
4, juft 6f -^(^f./Sovf'iXi the Line H, 
when drawn, interfedthe Line B in 
the Point of the Situation of the Head 
Landcj ;^ndby that means will the 
Triangle be cbriipleatedi 

Tl^is beiflg ^ne, if you pieafc, 
(tho' plotting the Triangle, is not of 
?W?feiieccinty, hikt Very ufeful and 
WfW^y?') Then coafider^ that it 
Wjiifcbe a ^afe of OUifueBiMhTrt' 
i^U where is ^ven the Angles a 
aadu*^ .and the §ide O^ Rcquinal 
Hand 3. 

"■* ■-■ • , • . ' ■ ■ 

S^z/ind H fey, (becauf? f is alf^ 
j^t^f n if .« and> afe.^ 




I, ■ 

r 



Mi %,e. 
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4|pl%ii4H«-HMi*ft«M«i.MH^ 



«•» 



S, tf. O : : S, ^. H 



■ <p t i H p <i 



■NI«I^P-'«"^^"**i>*WPi 



Q = 



Operttioa 

9^965^153= 67* JO' 

1.7118072 =51. 5" Miles, 
9.8494850= 45V 



^ I I > p I I ■<! 



H 



11.5611992 
x.59S^769 cs3j^4Mtks« 



And CD find B, you may&y, 
As Syi. H::S>4. toB; 

Or, 
As S, c. O : : S, 4. to B. 



I (hall 
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I fhall give but one Infttnce more 
in this matter, which is this. 

Suppofe a Ship Sail S. S W. 50 
Leagues, and then W. by N. ^4 
Leagues ; What was her Dire^; 
Courfe, and what is her Didaace 
from the Place flie went from ? 



A 




JB--50 



E 4 



To 



(50 
To Plot the Cafe. 

c 

Let k be the Place from whence the 
Ship failed, and let B reprefenrt the 
S. S. W. Rumb, and the Diftance 
thereon run = 50 Leagjues, from ^ 
to a. 

Then fince the firft Courfe was 
two Points, and the fecond feven 
Points from the Meridian, make an 
Obtufe Angle at 4, equal to 9 Points, 
orioi°i5^ And on the Leg H, ftt 
64 Leagues, then Drawing the Side 
d Cy the Triangle will be formed. 

In which you have two Legs, H 
and B forming the Angle a, and that 
Angle given. And this is Caje 4. 
of Plam Oblique Triangles. 



Secondly J 
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Secondly, If you would apply 
this Part of TrigsHometrji to the mea- 
furing of Inacce0ible Diftances^ 
Heights, i^c. at Land J thePraaice 
will be very eaOe. 



Suppofc a Tower, Steeple, &c. 
asiG, -whofe Height you would 
take, but can raeafure no nearer then 
fromv to i, but know the Length 
B 4,15= too Yards. 



Here 
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Here you can take the Angle akGy 
with yourQuadranty and comequenc- 
ly the Obtufe Contiguous one^ chit^ 
is known. 

The Angle Cj is known after the 
fame way by the Inftrument : Where- 
fore having in the Obtufe Angled 
Triangle HO B, the Bafe B^^ andthc 
Angles € and bj you may find O by 
Cafi 3. oi Oblique fliun Triangles i 
For fince e and b are known, their 
Sum fubtra£ted from 1 80, will leave 
fab known* Therefore (ay, . 



«Ma^ 



As S, 4. B : : S, c. O. 



■^•" 



And when is thus known or founds 
having in the Right-angled Trian- 
gle, baGy the Hypothenufe O, and 
the Angle b. 

By 
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By Cafe the 7th of Right-apgled 
Triangles. 

As R. O :: S, *. 4 G. 

The Altitude of the Tower fought* 

Thirdly, Suppofe an loacceflible 
Diftance^ as B D. which imagine to 
be the Diftance between two Forts, 
Baftions, &c. on the Wall, or Lineot' 
an Enemies City, or Camp ; and that 
becaufe of the Omnon,d*^. you can go 
no nearer then the Line G C, but can 
meafure from G to C, and at eacl^ 
Station take Angles with an Inftru* 
ment. 

Having taken thenbytheTlieode^ 
lite,c^r. the Angles G C D,and GGD# 
and meafured GC : And alfo having 
meafiuvd the Angles BGD, and 

BCG, 



B C G, &c. This premifcd, M^ich if 
.Cfifily done by the Inftrument. 




, You liave in the Triangle C B G, 
tjic Side C G, and the two Angles G, 
and'G C B ; Wherefore, alfo the An- 
gle CBG. Say, therefore, 

AsS, B. istoG C : : S, C to G B, 
And confequently G B is found. 

Again, in the Triangle C D G, th^ 
Angles G C D, C G D, and the Side 

CG 
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C G being given, the Side G D will 
be foynd by this Proportion. 

AsS,D.CG::S,C.GD. 

And confequehtly G D alfo is found* 

And now having in the Triangle 
G B D, the two Sides G B and G D^ 
and the Included Angle G ; you can 
firft find the remaining Angles feve- 
rally by Axiam j, and then the Side 
B D by Axiom i. 

' Or, If not being able to get nearer 
than the Point a^ you could not mea- 
fure fideways as before, but only 
backward to ^, or forward from i to 
di You may then eafily gain the 
length from D to B. 



For 



A 



Ctf») 




For placing the Inftrument at 4^ 
you can take the two Angles b aT>^ 
and^^Q and take alfo C 4 D ; mea- 
fiire then from 4 to bj and at b take 
alio the two Angles 4bDy andif^C# 
Then can you caiily gain the Sides 
4C, and B D« in toe two Triangles 
bsCf and ^ 4 D ; and having befora 
taken by the Inftrument the Af^le 
C 4 D, you may find the Side C D in 
that iaft Triangle 4 C D, by the fe- 
cond and third Axioms of PUin Ob-^ 
lic^ue Trigonometry. Alfo 

Fourthly, 
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Fourthly, On the AppUcatioo of 
this Part of Trigonometry ^ to the D6- 
(kvinQ 6i Afironamjfy depends the Me- 
thod ibr finding tht Parallax and Dl^ 
fiance of a Planet^ or Star. 




Let c be the Centre of our Earthy 
and b a PoiiK on its Surface ; at 
which^ an Obferver at by cakes with 
an InRrument, the Angle <i h Zy qv 

the 
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the Diftance of the Meridian Mooa 
dy from her 2^nith at z. 

Her True Diftance from the Ze- 
nith, is known by the Aftronofflical 
Tables ; which is the Angle a cz: 
But the obferved Angle « * jc, being 
external to the Triangle, a hz, will 
be =to I -h^. 

Where take c from it, and the Re- 
mainder is the Angle h<l r = to the 
Moons Parallax ; whofe Subtenfe is 
iE^c := to the Earth^s Semi-diame- 
ter. 

Suppofe that hch^ 4000 Miles ; 
then in the Triangle <^ bcy there are 
all the Angles, and the Side b c 
known. 

Wherefore, 

Which 



Which is the Moon's DiftAnce from 
the Ceatre of our Globe. 

And alio, as 

S. <C. h t :: % e. € k 

The Moon's Diftance from the Plac« 
of Obfervation. 



DIR&- 
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DIRECTIONS 

For the U S E of the 

TABLES 



O F 



Logarithm Sj Sines, 
Tangents, d^r. 

THESE Tables are in every 
ones Hands, and may be 
Bound up with this Treatife* 

The 
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The Table of Logarithms ferves 
to afford you Artificial Numbers to 
be ufed inftcad of thofe Natural 
Numbers which exprefs the length 
of the Sides of all Plain Triangles j 
tliat fo you may Work by Addition 
and SubtnUtion^ inftead of Mnltifli^ 
uHon and Divifion. 

How thefe Tables are made, is 
not the defign of this Ihort Tra6l to 
inform you ; but how to ufe then! 
in Calculation> muft be well under* 
ftood* 

Suppofe theii you were to look for 
the Logarithm of the Side B, in 
Qdfe I • of Right-angled Triangles j 
whofe Number is 768 • 

Look in the Table of Logarithms^ 
under the Word Number ^ or the Let- 
ter N^ in the firft Colujnn towards 

E x thd 
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the Left-hand, where are all Num- 
bers in their Natural Order, from i. 
t6 looo; and right againft 768. you 
will find 2. 8853611. if you ufe 
Z^Ini's Tables, which I think arc 
the beft. 

But if you ufe tlie Logarithms in the 
common Books oi Trigonometry^ the 
Logarithm fought, will be lefs by one 
Figure, viz. It will be &• 885 361. 
Where yoH muft take notice, That the 
flrft Figure 2, with the Point after it, 
is what we call the Char afteriftickj GT 
Index of a Logarithm ; becaufe it 
ftiews the Nature of the Abfolute 
correfponding Number^ being al- 
ways an Unite lels, than its Number 
of Flaccs. 

Thus because the Number 768, 
£onfifts of three Places, the Index of 
its Logarithm muft be 2 : But if it 
had been 76S0, its Index would 

have 



been j, becaufe the Number hatli 
four Real FUces ; Red PIm^s^ I lay, 
or Places cf Integers : For if it had 
been in part a Decimal FraSioo, its 
Index would havp related only to tlie 
Integer part ; and will be defeftive 
or Negative, if the Number be en- 
tirely Fraftional. 

Thus the Index of 7^8.tf is as ba- 
fore^ but x, and the Index of 76*86 
is but f, of 7.686 is o, and of. 7686 
(accord/'ng to Sir "^onat Moore s way, 
who rightly advifes, when you have 
to deal witli the Logarithms of Fra- 
6ions, to take the Complements of 
the Indexes to 10) the Index of 7686 
will be '9'. 

And thus may the Logarithm of 
any Number be readily found in the 
Tables, and a proper Index prefix'd 
to it, which mud always be done, 
whether the Table give you the In- 

F 3 dex 
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dex or not ; for if it be not there, a 
it is not in thofe Tables which are in 
Sir Jo/^as Moore's Mathematical Com-r^ 
fendium^ and fome other Books, you 
muft always fupply it by the Rule a- 
bove given. 

2. To find the proper Number an- 
fwering to any Logarithm given. As 
fuppofe the Logarithm 2.3853713 
were given, to Know what Number 
it reprefe^ts j which is the Logarithm 
found by Operation, to belong to B, 
in Cafe 7. of Right-angled Trian- 
gles. 

Imagine its Charafteriftick to be 
3, (which is the higheft the Tables 
extend to) and then look in the Ta- 
bles for the Logarithm of 3 .8 § 5 3 7 1 3 ; 
or omitting the Charafteriftick, look 
for 8855713. in the proper Column 
Vinder the Word Logarithm : You 
will not find it there exaftly ; but 

that 
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that which comes neareft to it, and 
is yet lefs than it, is ^ 885:5611, 
which anfwers to the Abfolute Num-^ 
her 7680. 

From which Number cut off the 
Cypher at the End, becaufe the In- 
dex of your Logarithm was really 
but 2, and not 5, and the remaining 
three Figures 768, are to be taken 
for the true Number, or Length 
of the Side B in the Triangle ; but if 
inftead of 2, the Index of the Loga- 
rithm had been i or o : Then you 
muft have cut off one or two more 
Places from the Number 7680, and 
then the Number would have been 
accordingly, 76.80, or 7.680. 

And if the Logarithm be not 
found there exadly, and that its In- 
dex fuppofe alfo be 4, find it firft to 
four Places, as is before ihewnt 



And 
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And Note the common Difll^ 
rence under the Letter D^ in the Jail 
Columji of the Logarithms in the 
Book ; Next take the Di6ference be- 
tween the Logarithm propofcd> and 
that which is next lefs than it in the 
Tables ; and then having Recourfe 
to the Tables of Proportional Parts^ 
which are ufually Printed with the 
Logarithms ; Seek there under the 
Letter D, the before found com* 
mon Difference under the Column O 
in the Logarithms ; then run your 
Eye along in an Horizontal Line^ till 
you find the Number neareft expref- 
ling the Difference of the Logarithm^ 
which you found by Subtratlion, and 
then at the Top you will have the 5 th 
Figure to be added or annexed to the 
four others before found. Thus, 

Suppofe the Logarithm had been 
asabove, 2.8853713, butwith4in- 

ftcad 
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ftead of 2 for its Index : That is, 
jSuppofing it to belong to a Number 
conMing of five Places. 

The Number found then was 
76S0 , againft which, under the Let- 
ter D ftands 565 for the common 
Difference, and the Difference be- 
tween the Loggiithm given^ viz. 4. 
and the next lefs in the 
Tables, viz. 4. is loi ; 88$;7i} 
And here tho' I can nei* 885 ^61 a 
cherfiad5^5» nor loi ia ■ ■■ — 
the Tah*es of Parts Pro- 10 1 

portioml exaftly ; yet ta- 
king the nearelx to them^ I find at 
the Top the Figure 2, which is to be 
annexed to 7680, and then it will be 
7680? ; which would be the right 
Number aofwering to the Logarithm 
given, if its Index ha^ been 4* 



The 
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The Ufe of the other Tables of 
Sines, Tangents and Secants^ 
is very Eafie and Plain. 

For if you would find, fuppofe the 
Logarithmick Sine of 2 1*. gy'. Look 
for 22^ on the Top of the Page, and 
$7' in the firfl: Column for Minutes 
on the Left hand, and marked with 
M ; and then under the Word Sine^ 
you have 9.5849685 for the Loga-i- 
rithmick Sine, and 9 6197205 for the 
Tangent, and 10.0247511 for its Se-. 
cant. 

But to look for the Sine, Tangent, 
or Secant of any Degrees above 45, 
you muft in moft Books of Tables 
leek the Degrees at the Bottom of 
fhe Right-hand Page ; and the odd 
Minutes muft be reckotfd upwards 

alfo 



alfo in the Column for Minutes on 
the Right-hand of that Page. 

As if you were to look for the 
Sine, Tangent, and Secant of 6 7\ 23 ^ 
You will find them in the fame Page 
and Line with thofe of 22^ 57^. 
(whofe Complement to ^o"". is 6y\ 
23'.) but only you muft account 
from the Bottom upwards, as is a-? 
bove faid ; and the Sine will be 
9.^65248, the Tangent 10.380279 
and the Secant 10.41 503 i. 

And as eafie is it to find the De* 
grees and Minutes anfwering to any 
Logarithmick Sine, Tangent, or Se- 
cant, only obferve when you can- 
pot find it exaftly, always to take 
th? next Icaft ; Thus, 



If 
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If you were to feek what Degrees 
and Minutes anfwer to the Logarithm 
mick Sine of 9*9^52^791 you will 
not find it exa6^1y in the Tables, but 

the next Lefs is 9^96^igs'ij which 
belongs to 67°» zi'. 
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B00K.3 Printed fir D. Midwinter 
and T. Leigh, at the Rofe and 
Crown in St. PaulV Churck-yard. 

A New and Moft Accurate The- 
ory of the Moort's Motibq ; 
whereby all her Irregularities may be 
folved^and her Place truly calculated 
to Two Minutes. Written by that 
Incamf arable Mathematicidn^ Mr. Ifau 
Newtony and PubliQied in Latin^ by 
Mr. David Gfegcrj^ in his Excellent 
Aftronomy. 

The Merchant's Magazine : Or, 
Tradefmati's Treafuty : Containing, 
I. Arithmetick in Whole Numbers 
and Fradions, Vulgar and Decimal, 
&€. X. Merchants Accompts, &c. 
3. Book-keeping, after a Plain, Eafie 
and Natural Method, &c. 4. Max- 
ims concerning Bills of Exchange, 
Favors and Fadorage, &c. 5. The 
Port of Letters to and from Foreign 
Countries, &^. 6, An Account of 

the 



Books Printed for 

the Commodities produced by all 
Countries, &c. 7. A Merchant, or 
Trader's Diftionary, ^^. 8. Prece- 
dents of Merchants Writings, &c. 
wite many other things not extant 
before : The Fourth Edition, Corre- 
fted and Improv'd. 

Comes Commercij : Or, The Trader's 
Companion, Containing, i . An Ex- 
ad and Ufeful Table, ihewing the 
Value of any Quantity of any Com- 
modity ready caft up, more adapted 
to Merchants Ufe than any other ex-^ 
tant. 2. A Table calculated for Uni- 
verfel Ufe. which Ufe is fhewn in the 
Solution of Queftions in Multiplicati- 
on, Divilion, Reduction, Merchan- 
dizing, and Meafuring all kind of 
Supsrficies and Solids, or Gauging 
Yeflels and Casks, j* The Manner 
of Cafting*up Dimenfions in Gene- 
ral, &c. 4. The feveral Cuftoms u- 
fed by Surveyors and Meafurers, in 
meafuring Glafs, Wainfcot, &c. 5. In- 
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D. Midwinter 4;^^ T.Leigh. 

ftruftions for Entring Goods at the 
Cuftom-Houfe, &e. 6. Concern^ 
ing Water-fide Bufinefs, &c. Alfo 
the Charge of Wharfage, Lighterage « 
&c. 7. Pradical Rules concerning 
Freight, Bills of Lading, Primage, 
and how the fame is paid for, &c. 
8. Rules concerning Infuring Ships, 
Merchandife, Houfes, (j^c. with ma- 
ny other things never before made 
publick. To which is added, A Sup- 
plement concerning Simple and Com- 
pound Intereft, &c. Alfo to make up 
Accounts of Mortgages, where the 
Mortgagee has received the Rent, 
t^^c. Both by E. Hatton^ Gent. 

A New Rational Anatomy, con- 
taining an Explanation of the Ufes of 
the Strufture of the Body of Man, 
and fomc other Animals, according 
to the Rules of Mechanicfcs. By D4- 
niel TAuvry^ a Member of the Col- 
lege of Phyficians at V^ris. Made 

Englijb 



Booh Printed far J 8fc. 

Englijb from the Third Edition. U^ 
luitrated with Sculptures. 

BOOKS in the Prefs. 

Lexicon Technicum Ma^um: Or, 
An Univerfal Englifh Diaionary oi 
Arts and Sciences: Explaining not 
only the Terms of Art, but the Arts 
themfelves, &c. By "^ohn Horrify 
M, A. and F. R. S. in Folio. 

A Treatife in Fluxions : Or an In- 
troduftion to Mathematical Philofo- 
phy: Containing a full Explication 
of that Method, by which the moft 
celebrated Geometersof the prefent 
Age have made fuch vaft Advances 
in Mechanical Philofophy. A Work 
very ufeful for thofe that defire to 
know how to appl v Mathematicks to 
Nature. By Chdrtes Hajesy Gent. In 
Folio. 
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Ortioff'afmck ¥f^jeBm 

OF THE 

SPHERE 



Part. I. 
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The jpntnontieat PrcjeS^hft (f the 
Sfhere in Piano, ii ^ two Kf»dsf 
either Orthc^raphick or Stereo- 
graphick. 



T 



H £ Foundation upon which the 
prfl^^bi^k ftfiitSim depends^ 
ii aTt^ypoGtbn'of the infinite 
Diftance lof the£y^ ibom the Plain up* 
on whicb the JProieaion is qaado; y^hich 

B ' Ijcms 



being gnmted *twill be eaiie to Demon^ 
ftrttetM»firftJPf0f> 

PR OP. h 
TheRMS, h Vfbick the Eye tt tat infinite 

mtefy Uttkfrom FmrMtl Rms, 



1 







pofed at an InfiplK; CilkanoeftaOflli Af 
under the parallel Rays AF and GB, near- 
ly : forif'yiM^Biffi^ Ailriag^L^ at 
the point C the infinite Line CDE^ and 

Hi tM VfihH fi^R94 WWD, a pdiqt 
iMttr m^tfbjia: and %\iiih% E a ptilA 

DAB and DB A arelefi than tbei^ 
£AB and EBA^ wherefore tttei^pei 

E A anfl « Bmkst micet va M P^fM- 

mam At abd IJQi tha^ ii(;'Uri^ AQ 
dod D Bd» V a^ the &ith^ the feyCB 
removed from the Objeft, the A°g^ at 
tiM.Biire A^ ^^a ftin'j^eiref. ind 





fttid l«ft : AiM if the e^d .1^ tfto^ov^dld 
an infinite Diftance, th^'^ i^^ if' E 1^ at 



an infinite Diftance.from AB^ thgi will 
t1» AftglH E AF M 'gftp'^^lnfinitely 
Uctle, 6bA ciSirf^yntly M Angles at the 
BJtTe BAto^diBAMdl^^yanin- 
finitely little diiierence ftcna ihe two right 
Angles F A B and G B Ai That is, ^A 

B 2 and 
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and £B Witt :diiier infio 
{Murallel Ltikes. > -Q, E.'D 



if 1 

f 



debinitiq:^s. 

L The ikfbcpsfbkk^Pr^^ of the 
Sfiere^ is a Uansferring tJhe Repreienta* 
tioa of the Sphere^ ijo^fii ^taa infinite 
piftancf 4 tpgqther with \k$ Circles^ in^ 
to a Plain^ hf j^ys perpeo^icular to that 
Plain. ,.'''.".:: 
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n. liiat plaia ioto vhkh tbe Sphere^^ 
toeether with its Circles^. is f<r transfer- 
red, IS {Called, the Flaht. ^i the F^'effiMr* 



IIL A jpoint in the Surface of the 

Sphere^ i^ there projeded into a pointy 

where a perpendicular Ray pafling tbro' 

Ihcpointto be projea?4i mectsthc Plain 
pt the ProjeSion- 



.* 



J. \yhen I fpeal^ pf perpendlcn- 
lars, ^ I mean Lines or Rays per- 
pendicular ta the Plain of she 
Proje<9ion. 



PROP. 
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PRO P- 11. 

A right Line ferfendieulsr to the fUin 
€f the Projeffian^ is PrtneSied into 4 
pointy where that right JlJm cuts the 
Plain if the Prejeaum. 

Tliis Vref. is evident from the firft 
J)epwtieiiL 

PROP. III. 

A right Um^ as A B^ not ferPendicu^ 
lar^ hut either ParaBel or Mique to 
the Plain of tie Prcje^ion^ is fro* 
je&ei into a r^ht JJne^ as'RPy and 
u aheofs comprehended betmen the 
extrfom ferpendieulars B P and A £. 
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gtos i% the cdaunqn Seftion £F, theft 
«iU alfo (a fadag ia the plaia E A fl I^) 
te pameHditalar to the gUun of th» Pi<o- 
jeedon. Theiteiar* all the points of the 
right liM A B «»ill heprojedttd iato tht 
paiats of the line Ef, that is the right 
Line A B will beprojeded. inm the right 
Line E F. After the fame manner Bulf 
D C be fliown to be pro)e&ed into G H* 
Q. E. D. 

P R O P. iV. 

fff^ Frtjedm of ^ mh( Ifpe A B» 

H i^'fH th gte^At^ nmn AH if fit- 
rUflfo tkt Pisim of iht ProjeifiM* 

Upon the given Line A B, defcribe a 
Grde, in wl^ch C^le foppqfe AB firib 
parallel to the pi^in oiF the Prpjef^io^, 
and then moyed into the obli^tie Ppfiti- 
«B D C i and dtaw the perpendictilars 
AE,BF: AsUkewiie, DHaadCG. 

By 1^ pr«cefding Pnf . A B is proje- 
ded into EF, and C D in(9 G H. ' Npw 
lince the Angles A E F and B F £ are right 
(by the luppofition) and that A B is pa- 
rallel toEF^ the Angles £ ABand FBA 

B4 will 
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will likewiic be right, and ocmTcqaently 
EAand BF wiU toach the Circle in B 
and A i therefore any other Lines drawn 
perpendicular to B A or EF, which is 
eqiial and parallel to B A, wiUM with- 
m the perpendiculars A E and B F ; and 
cpnfequently E F is greater than H G. 

COR. 

From hence it is evident, that a 
line i»rallel to tte Plain of the Proje- 
dion, is projeded into a right Line equal 
to its felf i but if it be oblique to the 
Plain of the Projeabn, *tis projeded in* 
to one which is lels. 

PROF. V. 

Jifl^n Surface^ 4;f A B C D, Jf right 
Angles to the Plain of the Proje£fioMf 
is frojeSfed into that right Line (m 
A B) in which it cuts the Plain of 
the PrcjeSfion. 



In 



<9> 



^ 




D P 



In the given Plain, draw any Number 
oflines, asCOD^COD^c^c.atriehtr 
Angle; to the common Sedion A B} ttoi 
becanie the given plain A BCD is per« 

rdicdar to tfaie plain of tlie projedion 
, tlie HypothefiS) tlie right lines 
COD, C O D, c^^. perpendicular to the 
common Seftion AB, will alio beperpm- 
dicolar to the plain of the proje&ion % 
therefore the right Uaes COD, CO D, 
&c. are projcded into the points , O, O, 
which are points in the common Sedion 
A B, and coniequently the whole phin 
A B C D is proje^ into the Line A B. 
QfE.D. 

COR. 
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COR. I. 

Hence it is evident. That the Cirde 
BC A D ftanding at right Angles to the 
plain of the projedion, which pafles thro' 
Its Center, is projeded into tha tGiame- 
ter A B, in which it cuts the plain of the 
projedion. 

COR. II. 

It is likcwifc evident, that any Ark as 
CC is projeded into pO, equal to C «, 
C> or 6 i^ which is ^he right Smt of 
^at Afk) and cht eompkinentai Ark 
G A is i^Ofeded into O A, the^V^ftd 
^ae of %he faiae Ark CG.' 

* » •■ ■ • • 

. Uf$ef it if T<ry calk to affign U the 
feg^^^afi^ 4 B f^e fie]^fim{Mi«a of •»« 
glT«)i Art;; ^ M% tnt ttcotig Ebe A^ 
vrhoTft reprf^eoil^tba is required, 6roni 
dttt fKvac C, which is 90** m^ce bom 
A «|d B^ «ad th^^FtwiAgcheperpen- 
<}«:ulan C Qt Q Q ; fi» ciwii O O, O O, 
&e* will be the repreientations of the 

given 



given Arks : Or it may be doae other- 
wife withoat dividing the GkU ACBO j 
thus, fit the Sedor t<i^the Qirde A B C D, 
and then the ri^t Sine of any Ark fet 
<^fro9i the Center, jither way in the 
right Line, A B> will |^ve the true riepre- 
ientadon of that Ark j gs is evid<^nt from 
C»r. 2. 

P R O J». VI. 

J Cirde P^raSel te the Ptian of the 
PrQJe^io»y is ProjeEted into d Cir* 
ek efwl tQftJelf'f and a, Cirele Oh- 
Ufue to the Pltin of the PryeSiiohy 
is fr^^i^ed imq an ^Mi^fu 

The %ft wrt of th« ftr»B9gft>ii n 

«ri(l«9t •, aJM} tM( the <^(;f|i4 partii trMb 
M^\fkQtmm^yh ' :, 
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DEMONSTRATION 

Let the circle ACBD E cut the plain 
of the projeftion , with' its 'Diameter 
C A D^ to which draw another Diameter 
as B A E, at right Angles. Let the pro^ 
jedion of the Circle^ made by the per-* 
pendicular Rays B F, N I, EC9 OM,e^r. 
be ACFDG^ in which draw FAG; 
becaufe B F is at right Angles to the 
Plain of the Projedto% the plain A B F 
will alio be at right Angles to it) and 
fince D A is perpendicubir to B Ai it will 

lilsewiie 
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llkewife be |>erpendicdar to; FA; aflo^ 
thtr Line^ itkthc fimej)lain; MortOvcr 
draw I P, parallel to F A^ diid N P, I«a- 
laUel to B A ; Wheretbr^;^^hce B A aad 
f A are at right Angles to DAC^ NP 
and I P Will be io too v then became BF 
and N I are perpendicular to the Plain 
<tf the Projefti^n^ thejir will alio be per« 
pendiqolartp FAandIP, lines drawn 
iQ that Plain^ and codieqiiently the An- 
gles BFA and NIP lare equal and 
Right; Uftly, lince N ll^and P fare pa- 
rallel to B A and A F, the Angles B A F 
and Nf P I are alio equal Therefore the 
Triangles BFA and NIP are limUar, 
andFA:I?::BA:NRandFA^:IPf:: 
BA^:N3P^: but BA^:NP^ :: Reft-* 
angle CAD : o CPt> as being equal 
to them (*jr 35 V 3) ; Therefore F Af : IPf 
: : Redfein^e C A DiRedangle C P D ; 
which being bne of the properties of the 
Chrde andEIliplis, it is Evident that the 
Figure A FD G C mud: be one of 'em. But 
it cannot be a Circle^ for B E being ob- 
lique to the Plain of the Projedion is pro« 
jeded into a Line lefi than it (elf. (by Car. 
Prof. 4.) but the Line F A G is the Une 
into which it is projededj therefore 

FAG 
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f AGs tefithu BA$ » tOnC AD 
^ El A £} wher^orc fiei^ 1^ Okmecets 
FtSaeidD, ofawFiiottGFDiG.art 
uae^uali it ctiaiot be a Orclc, and cob* 
tt()lKn£ly miMVbc^n EBipis^ wboft gltd- 
nr biiunecef U PC m lattflh- ro. 

:; CpR. I. 

ixom- what has been laJ4 'tis «Tident^ 
^at ail EUiplis tWoed direg to tie B)«, 
wilUx ptQjoawiiitaasElUBlisieqattta 

!;;'•;'■ cd-BU. IL : i ■ . ■ 

pbeM obliqik 

StaMintOaUl , 

inwUthitWil 

d^i&rlftheli 

ffit^ttiltd in tit 

qnl tothe (hi i 

tnC'ptOJcSibU m a ^^11^1^, . . 
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j^ a o B» Xo; 

l^lainofthe Projeilionj intoitsPro^ 
ftr Degrees. (Sec Fig* in Page 

I3. 
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Ifliagn the Circle B C E D, tobedi* 
vided ih^the points B and N, and tbro* 
thofe points draw the Lines B A and NP 
perpeadicular te DG^ and from theiame 
Lines let fall the perpendiculars B F and 
N L It !s i^lain that the Arks B N and 
NC are filojeded into the Arks F I, and 
I C ; the fame thing will be evident if 
theCircIeDBCE be turned tillitM 
in with the Plain of the Projedion, ia 
libnCe^ for then the right Lines B A 
ItfllKP Wi9 e^ddde #sSi f ^ :tiid i^P. 
•M Wdl pfi %^ th^pdlM^ FandUt^ 

^p*ftdiWiaietb Dd 



If 
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If therefore a Circle be delcribed <f-^ 
qual to theCirde D^Cf^ as DBGE, 
aad divded into.Degrees in the points n^ 
h^ 0» O, and from thoie Divilidns be let 
fall pe^ndicalars as n?^ they wiU cut 
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the Reprerentation DFCGj into thetr 
proper Degree^ in the Points I^I^M, 
M, that is II will be the RefHrefentatim 
of as many Degrees as » contains^ &c. 
which was to be (hown. 
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The Orthographick Troje^ian of 
the Sphere upon the Tl(dn af 
the Solfiitid Cdure. 

Having Demonltrated thofe PrdpoC-^ 
dions which are requiiice to the Ortho- 
graphick Projedion of the Sphere ; it 
will be eafie to Projeft the Sphere Ortk^ 
graphically upon any great Circle. But 
bccaufe none of the Orthographick Pro^ 
j&aions are of any great ufe, excepting 
that upon the Solftitial Colurt , I fhall 
only Projeft the Sphere upon this Circle 
forLat. $1^. 30^ and Ihevyr fome of thole 
many Ufes that may be made of this Pro^ 
je^on, which is ufually called the Ana^ 
Uwma. 
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PRO B. II. 

To Projeil tk Equinoitial Olure^ tie 
Horizon for nfij Laii$udfj tie JB- 
qustor^ jropicksj Polar Circles^ Er 
ctifticky FsraUels of Latitude^ Par 
rmels of Declination^ and jilmacan- 
ters or Parallels of Altitude. 

Since all theft Circles are at Right 
Angles to the Solftidal Gcxlure which is 
the Plain of the Projeftion, hy Pr^* 5, 
they win all be Projeded iato tight Lines, 
or iiita their own Diameters. . 

Draw the Orde HMOZ reprefen- 
ting the SoUtitial Golure, and H O re- 
prelenting the Horizon of Lwdmi to 
which at Right Angles draw 2 N which 
will reprefent the Azimuth of Eaft and 
Weft. 

Set j8^. 30' (taken from the Chords) 
from H to e; and draw the Diameter 
£Q.: which is the reprelentation of the 
%/£eiaator for our Lat. $!•• 30'; and 
which crofs at right Angles • with the 
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bbnifeter f>. Which will be the Axis of 
the World c^ 

The Chord of 2;**. 30^ (the StSwr he* 
fH^fmdU thiRndms ef the Likib^ v;hic& 

IMkUngpfff^ff) Set bothWays^ freni 
E and Q., the tiro extreaiti Points of the 
BqMtdr^ Will give the ptoifttsSVJ and 
VS i thrd^h which points <ir^w the 
right Lines 9 ft aiid VS VS^ a^ they will 
tie the MbTf0picks V the fi^ft the Trdpiek 
of Cancer i afld tiie latter that of CapH^ 

FttMUPfet the Chord 6f i^''. 30' Ito 
A and C j as ilkevriie from / to ^ and <r ; 
aM draw the two Liae^ A C and a c^ 
which win reprefent the Pc^ar Circles^ 
the former the ArBkkj and the latter 
tht AntarBkk Grcle. 

Through ffi VS draw the Diameter S 
*f VS, which will be the Pro jeftion of 
the Ecliptick, and Cii at right Angles to 
it, which will be the Axis of the Eclip- 
tick« 

Parallel to the Ecliptick and at right 
Angles to its Axis, draw any Number of 
right Lines, and thofe Lines wUl be pa- 
rallels of Latitude of the Stars : And 
they may be drawn at i o** , 20'' . 5 o*' , &c. 

C 2 Di- 
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Diftance from the Ediptick^ if the 
Chords of lo"*. 2o*. 30*, &€• be &t 
from S and VS either way, towards P or 
f in the Limb, for they will determine 
the points, through which if right Lines 
be drawn, they will reprelent the Gir« 
des required, or the parallels of Lati« 
tude lo"". 20"", 30^, &€* Diftant frxun 
the Ecliptick *, of« thefb there is but on- 
ly one drawn, vhc. W 11^, becaule the 
Diagram fhould not be crouded. 

After the fame manner may any Nmn- 
ber of parallels of Declination, and Al- 
macanters be drawnj the former parallel 
to the Equator E CL, the latter to the 
Horizon H O. 



PROB. 



P R O R III. 

To divide the Refrefentation of the £« 
elipticky or am other great Circle^ 
which is dt right Aiigles to the Flum 
of the ProjeSfio;$y into its frcfer 
Degrees. 

This may be done by a Line of Sines'^^ 
beginning from the Center ; as is evi« 
dent from O. 3. Vrop 5. So that the 
Sine of 30 ^. fet from the Center, in the 
Line ffi VS j will determine the Reprefen- 
tation of 10 many Degrees there : Like- 
wife, the Sine of tfo'' • fet both ways from 
the Center, will determine the Reprelen- 
tation of 60''; and if at the Center be put 
V and ^ ; at the end of 30"^. on each fide 
the Center be put O ^ and ni K: at 
the end of 6d^. 3ct ^, and / ^ : and at 
the end of the Sine of 90^. or Radius 
S on the North, and VS on the South ; 
then win the reprefentation of the £* 
cliptick be divided into its proper Signs, 
And after die fame manner may the Re- 
preientatioA of any other right Circle be 

C 3 divi- 



divided into its proper Degrees, from a 
Line of Sines. 

Any lefTer Circle, which is at right 
Angles to the Pl^in of the Pro|edian, as 
S5 ^ ; may be divided after the lame 
manner, by fitting th? Seftor to the Rar 
dins S B, and then taking any portion 
of.it, as BS, beginning from B its Cen- 
ter, and applying it paraUelwife to the 
Lines of Sines on the Seftor ; for you then 
win have the Number of Degrees which 
the Portion BS reprefents. 

P R O B. IV. 

To Project thi Hour-Circles^ Jz^^ 
matbs^ 4nd Circles of LoifgitudiB. 

Divide the Equator by the foregoing 
Troh. and then tbroqgh every Degree or 
every i €> Degrees, as you plf aie> you 
may dsiv^t^t Houf -Circles, (which will 
be EUipfes ip this Projedion, by trap. 6.) 
after this m^nert Ta^e^ two paints, in 
the Equator as T ^nd ty at equal Difianccs 
each W4y from the Center ; Suppofe 42''. 
tlien draw a fulEcient Number of Lines 
parallel to the Equator ^ as p/, £ f, £rc. 

?md 
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andthcnfiy, asET:Tir :: DFtFY 
:t fEzftfj &c. which will find Y and ^ 
paints through which the EQipfis muft 
pa& ; and after the lame manner an In* 
finite Number of pcnnts may be found, 
thro' which the EUipfis may be drawn. , 

K B. Azimuths and Circles of Lon- 
gitude may be dcfcribed after the 

laine way. 

Wherefore the Diagram need not be 
crouded with them, which would too 
much confound the Eye. 

P R O B. V. 

To divide the Heur-Circles^ Azimuihsy 
and Circles of Longitude^ into thiir 
proper Degrees. 

This may be done by frok i . for in- 
ftance, the Hour-Qrcle P T ^ may be di* 
vided into its proper Degrees, by draw- 
ing any Number of Parallels to E Q.; 
thus the Number of Degrees, which 
T O reprefents^may eafily be known by 
drawing Dd parallel to E Q through the 

C 4 pwit 
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point Q, and then meafuring ED on the 
Line of Chords (the Sedor being firft 
let to the Radius of the Limb or primi* 
tivc Circle) which will give the Number 
pf Degrees which T reprefents j and 
in Uke manner may any other Portion of 
an oblique Circle be meafured. 

P R O B. VL 

7o ProjeSf the Stars Orthographic dRj. 

Before this Trohkm can be folved ^ you 
muft know the Diftance of the Star you 
are to projed from the Ec[uinodial, and 
from the Ecliptickj (i. e.) its Declination 
and Latitude ^ fuppofe the Declination 
of a Star be 17*. N. and its Lat, 30*. N. 
and it were required to projcft this Star 
Orthographically : Firft fet the Chord of 
1 7^ from E to D, and draw the Line D F J!, 
and then fet the Chord of 30*. from S to 
W, and draw the prickt Line W ar, pa- 
arallel to.the Ecliptick, which reprefents 
the Stars parallel of Latitude, and it will 
cut its parallel of Declination Di in the 
point required, for the Star will be pro- 
jeftcd there, where thcfc two Lines inter- 
fcft one another. P R O B, 
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P R O B. VII. 

S^me of tht Vfis that may be made of 

this ProjeSion. 

L By this Projedion, may be gstined 
the Suns prefent Declination at any time. 
Suppofe the Sans Declination were re- 
quired for the 28 th. of Jidy^ firft find 
die Sign and Degree of the Eclipdck he 
is then in, which is the 1 5^. of Leo j diea 
coniider how far the ly^. of LeoisDi* 
ftant from the next EquinoSial point, 
which is Libra, and yoi^ll find it to be 
A5*. which taken from the Sines, and iet 
from the Center in the Ecliptick, will 
give the point Q, vix^ the Suns place in 
the Ecliptick at that time $ then through 
O, parallel to the Equmodial E Q., draw 
the Line D F J, whith will be the paral- 
lel that the Sun moves in that day \ and 
ED applied to the Chords, or D a: = Y F 
applied to the Sines, will give the Suns 
Declination at that time, viz>. 1 6^ . 3o^ 

VLf The Suns Amplitude^ and confe-. 
quently th« length of the Day may be 

gained 



gained by applying V G to the line of 
Sines, and then converting thofe De* 
grees into Time ; thus, T G^applied to 
the Sines will give 26*, the Suns Ampli-^ 
tude, which converted into Time, will 
give iK'+i of an Hour nearly 5 fo that 
the Sun rifes that Day near ^ of an Hour 
before 5 a Qock, and iets near i after 7. 
Wherefore the length of the Day at that 
time will be near 1 5^ Hours and a half, and 
coniequently the length of the Night will 
be near 8 Hours and a half* 

II. The Suns right Afcention for that 
Day may be had thus, apply the Ark T T 
of the Equator to the Line of Sines, which 
you will find 42". then fubtraft 42**, 
from 90 *• and there will remain 48*. 
which added to 90^. becaufe the Sun is 
paft one Quadrant of the Ecliptick, gives 
138^, the Suns right Afcenfion at that 
time. 

IV. That point in the Parallel in which 
the Sun is at any aflignedtime of the Day^ 
Qiay be had thus : Supoofe the Time alfi* 
gned be 8 a Clock in the Morning, con<* 
^der the Diftance of 8 a Qock trom 6, 

which 
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whkh i$ J Hoiiw^ which converted kto 
Degrees gives 30''. the Sine whereof fet 
by the Sc&w) from V toX, and then 
kyas E¥ isto T X, foisDF toafourth, 
which fet from F, will give the potat in 
which the the Sun is at that Time, viz. 
8 a Clock in the Morning. 

Apd on the contrary, having given the 
point in the Parallel in which the Sun is, 
the time of the Day may be eaiily found, 
by working backwards, and faying, as 
D F is the IMItance from F to the point 
givenj fo is E Tf to Y X : Then applying 
V X to the Sines, and converting the De« 
grees into Time, you will have the Time 
of the Day. 

V, Suppofe Jaly the zStb. at 9 a Clock 
in the Morning you would know how 
hi^ the Sun is, or its Altitude above the 
Horizon : From the Hour given find the 
point in the Parallel for that Day by the 
laft, which let be O, and through that 
pointdraw EUm parallel to the Horizon, 
ojtting the Limb in E and m, then apply 
E'H to the Chords, and it will give you 
his Altitude a% that time. 

Or 
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Or O y or H V^ which is equal to it; 
being applied to the Sines, will do the 
lame thing. Or on the contrary, yon may 
find the Hour of the Day by having given 
his Altitude. 

There are a great many more Ufes be- 
longing to this Projeftion belides thofe 
which I have here mentioned, but thefe, 
together with their Reafbns (which for 
brevities fake I have here omitted, be- 
pufe they are evident from the forego- 
ing Projection) being thoroughly under- 
itood, the Reader will eafily make out 
the reft himfeif. 
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DEFINITIONS. 

i.nr^HE Tele of any Circle, is a 

I point upon the Surface of the 

Sphere, from whence all right 

Lines that can be drawn to the circum« 

ferencp of that Circle are equal. 



N. B. There 
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iJ. B. 'there is another Definition of 
the Pole of a Circle, and tiat a very 
true one, wx^ Tiat '/it a poim in the 
Axis 90^ . ah^vB tie plain of tbi Circk } 
but this is better for our prefent 
ptirpoft. 

2. The TJain rftbe VtMeBim^ is the 
plain of a great Cif cle infinitely produ- 
ced every vraiy^ iarld p«rptndfciftatly op- 
poi^d to the Ey« placed ifLthe Surface of 
the Sphere. 

3. That great Circle (whofe plain be- 
ing producfed every way, makes the Plain 
6f the Projection) is called the Primitive 
Circle* 

Let the Eye be placed in afiy point in 

the Surface of the Sphere, as at A from 

which point through the Cesnter of the 

Sphere , draw the Diameter A B S , to 

wluch fuppofe fan infinite Plain to be 

4rawn at rigbE Angles, catting the Sphere 

in the Circle CLE O, an infinite Plaiili 

fo drawn, is call'd the Plain of the Proje- 

dion; and the Circle CLEOj is called 

the PrimitiTe Circle* 

Hence 
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Hence it is evident i Firit, that kh« 
point A; where the Eye is placed^ is the 
Pole of the primitire Circle CLEO 
(by Fr. 8. Um. i. theoJ. Spber.) which is 
apparent aUb from its being 90"". di^ 
ftant from the plain ; and fo pofited that 
Lines drawn from it to the Grcolar Plain 
of the Projedion are equal. 

And Secondly, that all great Grdes 
which feSs thro' the Eye at A as ACSE 
are at right Andes to the Primitive j for 
aU of them pats through the Diameter 

A6S, 
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ABS, which is at right Angles with the 
(aid Circle, and conf^uently will be per- 
pendicular to the Primitiye. (by 1 8.e. 1 1 .) 

4* A point is there Projeded into a 
Point in the Plain of the Pro)e£kion, 
where a Ray pafling from the Eye thro* 
the point to be Projeded meets the Plain 
of the Pro)edion. 

<. A Line whether ftreight or croo^ 
ked is there reprefented in the Plain of 
the Projedion, where Rays pafling from 
the Eye through all the points of the Line 
to be projeded meets the Plain of the 
Projeoion. 

From whence it is evident, Firit, that 
if a ftreight Line pafs through the Eye, 
its Rei>reientation will be but a point in 
the Plain of the Projedion ; for one and 
the {ame Ray will pafs through all the 
points of that Line,(as in Ftg.preced.) C L 
EO being the primitive Circle, the Re- 
prefentation of the Line AS pafling throT 
the Eye at A will be B, vh:^ that point 
where it cuts the primitive Circle, or in 
cafe it fall without the Primitive, where 

it cuts the Plain of the Projeftion* 

And 
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And Secondly^ that the Projeftion ot 
a Circle pafling through the Eye will be 
an infinite right line, for in Bg. r. the 
Ptojeftion of the Semi-circle E S C oppo- 
fite to the Eye, will be EG, and the pro- 
jedion bf that Semi-circle in which the 
Eye is placed^ will &11 in the Line EC 
produced infinitely both wgys iron} £ 
andC 

VL A Circle palling through tb9 Eyo 
is called a Right CncU. 

LEMMA L 

Let B AD Creprefent the Sphire^ and 
let BGDA he s Circle in tha$ 
Sphere J tp the Center £ draw EP 
ferpef»dieular to the Cirele BGDH^ 
wd let it be produced; and Ify^ it 
wilkfai upon A and Q the Poles oft 
theCirckBHDG, 
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Draw die twoDiameters BD and G H, 
and the Lines A B, A Dj. A li^ A G ; now 
fince the Lines F B, F D, F G, F H are aU 
equal to one aaotiuer, heiag Radii of the 
fame Qrck; and the Angles, AFB^ 
AFO. AF G^ AFH bdnR Risbt. their 




SoBtenfes AB, AD, AG, AH wHTbe 
equal aMb ; Hiere^e A is the Pt^ of 
Che GircleB<*DH by D^ i. and in like 
manner may C be. fliora to be the other 
Pole. Q,ED. 
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L E M MA n: 

^A B C D Mgf$tt Circkcftkt Sfhtrt^ 
cut Mj otmr Cmley ds BED, 4r 
right Angles, it BijtSfi that Cirek^ 
^Mdfsffts tUmm^h its toUs* 

m i 

From F the Genter of the Sphere, or 
tie grtae Ctfck ABCD, <lntw FG at 
n^Ai^t«theGircl«BED, OKCGn 




ing BD the common Sedioa 9f the Cir- 
cles ia Gy G vinll letlM Gctaccr o£ tl« 
Circle BE DI|qiiitb«Bkmetts} itmre. 

D 2 fore 
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lore BD is a Diameter of the Ckde 
BED bifleaing it ; and its Poles are ia 
FG, prodoced, by the firft ^mw«jmd 
coniequeatiy ia 



P R O P. I. 

A right Cirtle is Prc^^ed imo a Line 
of hdlf T*t^ents. 

By Dejmi. 5. with its <>. The SaaSk' 
cirde BDE wiUbeprojedediatoBE; 




2' •••••» ■••««io„«»J{ 



divide the Semi-circk B D E into a 
Nttoiber of parts; fupppfe 4, in the 

Points 
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points H, D and l^ and then from the 
lye at A to thefe Dirifons, draw the 
Unes A H» A D and A I, which lines 
win cot the Reprefentation B E in the 
points f, C aikt G ^ Let one of the lines 
as AD pafsi through the Center C, and 
coofeqnently be at right An^es to B E s 
with die Radios A C and from the Cen- 
ter A delcribethe Circle LCN, B £ witt 
tOQch the Circle at the point C, and C Q 
win be the Tangent of the Ark C» and 
CE the Tangent ot the Ark C* 5 but 
C « is equal to half the Ark b I, and the 
Ark C * is equal to half the Ark D E ; 

w the Angle D A lis equal to half D C I 
(from the Elements) but in equal Circles 
cqoal Angles are fubtended by equal 
Arks } and coniequently, the Ark DI 
IS double of C «, and D E double of C * ; 
Aerefore CG, which is the Tangent of 
C «, will be but the half Tangent of D I, 
and C E, which is the Tangept of the 
Ark C *, will be but the half Tangent of 
DE, and CK, which is the Tangent of 
C L, win be but the half Tangent of D L ; 
«wefore 'ds clear, that a right Citcle, 
M ABD E is Projeaed into a Line of half 
Jwgents^ which was to be prored. 

D3 7. A 
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7. A Ciixleiiat ridH fto the £ye; it 
there icffrefeited ia u^PUinof lihc fto- 
iftOkm, wriMce Rajs piffiosfrMi the E^ 
Cfaroii{^ afl the piwits of dKCSrcle« jmeet 
the Pbifl of the Freieatoii } or wherea 
CviBof fUys, hiving its Verliex ia tte 
£fie, vd (gaBmgHannfJtt att che poiots of 
theCioclenofaePcojeaed, flMCstbeFlaia 
of the Projedioa. 

6. A GMde iptrptodkKiady iippo&A 
the £ye is <^ed a nrd? Gndih 



LEM- 
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LEMMA m. 

If dCaue be eutiym fUm ^wrtMu 
the B^fe^ theMe&Um wii ie Atlmk. 

Let AKGIF be a Gose, and ima^ 

it t» be cue diron^ the Axis by a pMo, 
and die Sedion produced wiH be a Tri- 
angle as AKI, and K I the Bale of the 




Triangle win be a Diameter of the Baft 
of the Gone KGIF ; draw ki parallel to 
K 1, and upon k i imagin a ^isi ere^ 
Qed peipendicalar catting the Cone in 

15 4 *f iA 
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i(i/i I fay; the Sedion igifmUhti 
Circle ; for it* being parallel to KI, the 
Triangles kbk andA H K win be fimi. 
Jar^ coofejiaehtly A£ : i&^ : : AH : H K} 
tbeniinagin another Triangular Sedlon 
as A G F, in which G F migf will be 
parallel, and conftquendy the Triangles 
AHG and Aig will be fimilar, aslike* 
*fij[e A H F and A A/i wherefore A h i 
i&|it AH:HG, andAi:&/:: AHi 
if 'i A F : H F ; confequently ex muo 
KH: HG, and bg :*/:; HG: HF. 
KH, HG and HF are all equals being 
Radii of the Baie of the Cone ; therefore 
kh^ bg and i&/are equal alfo, and con- 
tinently theSeaion kgif'n a Circles 

J^ROP. tt. 

the ttepnfemation of 4 dire^ Circle^ 
» a CircU ferPendicultutlj ofPofed to 
the Ejfey wUl be a Circle in the PIm» 
of the Projelfio/t. 

Let the Plain of the Projeftion (fee 
pj-eoed. Bg.) be BDCE perpendicukr- 
Jyoppofed to the Eye at A, by Def. 2. 

and 
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ind let the ^Bred: Circle to be Projeded 
beKGIF^perpendicalarly likewile op. 
po(ed to the Eye at A ; Wherefore the 
two Plains BDCEandRGIF will be 
paraUel to one another^ and coniequent* 
ly theCone of Rays AKGIF will be 
cat by the Plain of theProjedion in kgiK 
which being in the Plain of the Projedi- 
on will be parallel to the Baiey and there- 
fore a Circle by Umma p Q. E. D« 

9. A CUrcle neither at right Angles^' 
nor parallel to the Plain of the Pro)e« 
dion, but encUned toit^ iscalledanC^* 

LEMMA IV. 

The SeBum of a fcaUnoHS Cof^f cm 
fub'contrmly to its Bafe^ witt be d 
Circle^ 

Let the fcalenous Cone A G Z f R be 
cut by a plain' dirongh the Axis A O, and 
at right Angles to the Bale G Z F R, and 
there will be produced the Triangular 
Sedion A G F j in which draw the Line 
IH,fothatthe Angle AIH may bee- 

qua! 
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ifual to tlie Aagle A F G, mi then nvill 
the Triangle AIHand AGF befinat- 
lar, and are. (aid to be iub<icHiCtarily fOm 
&ck1 ; upon the line I H, at Tigjbc Angles 
to ite Triangle AGF; tmagia a {jaia 
to becredcd, cvtling the Coaeia IfiH > 




S T 



I&y, theSeftion IBH wM be a Circle, 
take be apoiatany wherein I BH, and 
draw B P perpendicular to I H i throngh 
P draw DK parallel to GF, and then if 
the Gone be cut through OK by a plain 
perpendicular to AGF, the$e6tion DBK 
will be a drde by lemma i. And BP 

being 
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being at right Angles to D K, as nrell as 
IH, lince ^th DK and Ifl arelines 
in the Triangle AGF, DP ;< PK will 
te equal to BP^j but the Triangles 
iFD aad KPH are iimiiar, £or the 
Angles at P are«q«al, and AIH iscqual 
to A K D being fub-contrarily pofited, 
and confequentiy their Gotti^ements 
D I P and P K H are equal jdfi> ; tiieftfoffe 
OP:PI ::PH:PK, aodDPxPK 
= PIxPR Wherefore PI xPH = 
ffff and confequentiy B is at the Cir- 
comference of a Circle of which Qrcle 
IH b Diameter, wherefore IBH .is a 
Circle. Q|£.D. 
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PROP. III. 

The Refrtfematktt tf d Cireie placed 
OtUque t» the Eye, mB he 4. Circle in 
the Pldfff of the Prye^hft. 

Take aay Circle inclined to the Plain 
of die Projefticb, whether it be a grea- 
ter Circle wa Icfler, ft matters not, for 




the feme Demonllration will ferve for 
all : (fee preced. Pit.) and let the Cone 
of Rays, under which the Eye fees this 

Circle 
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Circle be AFZGA, cutting the Plain 
of the Projcaion CZER in HQ.IX. 
By ©if. 7- HdlXwillbctheReprefen- 
tion of the inclined or oblique Circle 
FRG2- 

Let the Sphere be cut by a plain, paf* 
fing through the Eye ar A, the Center B, 
and at rigte Angles to the Flam of the 
Oblique Grde FRGZ^ it will pais 
dirough its Center O (by Lm. i. 
and likewire its Poles T ana V ^ and 
coniequently FG will be a Dsameter^ 
and A C S £ a great Circle of the 
Sphere; in which Circle, draw the 
lines ABS, FS, AF, AGand AO^ 
wUch A O will be the Axis of the Cone 
AFZGA, and the line CHI E is the 
common Se^onof the Circle ACSE^ 
and the Plain of the Projedion CZER; 
and coniequently the Eye at A, the Pi« 
ameter G O F^ and the Line C I H E be*« 
ing in the lame plain, the Lines G A and 
A F will meet the Diameter C E, produ^ 
ced if there be occafion, in two points ; 
as I and H, and the line IH by Dtf. %• 
wiU be the Reprefentation or Proje^on 
of the Diameter GOF4 

The 



<4<> 

Tke Diameter AES being at ilgle 
An^ to the Fktta a(F Hut mytdJoB^ 
wifl be at right Ai^es to H I a line Bi 
that pUdn. Thcrdurc ABK being a 
right Angle,it will be equal to A FS^ aid 
the iUgle at A bong comiMiy the An- 
^ A H B will be eqoBt to ASP, aad 
cao£maaf tbe Triai%le Ati& isfi* 
nit^r to the Triangle AF$} batthrAiik' 
gle.ASF fe equal to the Angle A GF 
^com the Efementf > therefore i^ An- 
gle AHB u equalto tbe Angle AGF« 
aod the Angleat A bdngconnnoiito tte 
oro Triaagks I AH atad G A F, tbele 
two Trisugles wil) likewilebe liiiftv, 
ba€ pofited fbb-coAtrarilsr^ thenioet 
tbe SeaioitBQ.1, made by the Plainof 
the Pr^eaHon- C Z E R, poffiiK <Ar«i»gh 
J Ay will be ai Circle by Ikmmf 2. 
Q.E.D. 

DEFINITION. 

10. The Lioe CEi^ which i^thecoM- 
moa Sedion of a Ptaia^ as A SGE» ps^ 
Img through the Eye at A^ t3i« Gentler of 
the Primitive B, aod at rig^ Apglt$ to 
the oblique Circle to be Frojefted, with 

the 
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fliePlakioftbeFtroieakia; or which is 
tbe lame thisg, the lioe in whidi the 
Maia cf a efcat Circle pcrpcadiciikr to 
theFl^oi tbePro)ed»il^ and the Ob- 
fiqse Circle to be Preceded, cuts the 
Pkia of the Pfoje&ien ; I %y fiidi a Line 
is ^kd a iioe df iie^iirr. 

H; & la the Sterei^tapiuidc; Projedi* 
Oft of tbe ^siiere^ 'tis of abJblute 
secefficy that the LmoiMgafmes be 
delermtn^i, before yon can Frojed: 
a»jr ObUqcie Circle ; fw tis k the 
Lme of Mcafvies, thdC the Center 
of ercry obfiqne Cir de is found, 
not ia one . and the fame line of 
Mcaftresy bat in a Uiieof Meafures 
profcr to that olliqur Circle yon 
haTe a mind to Projed 5 ib that 'twill 
be Yet y noceflSrry to haf e a thorovir 
kdoivrle^ df tbe Si^re^ before 
you meMe with Spberick Pro)e6l- 
km : That yoir know all its Circles^ 
tkcir Diftaaces froas one another, 
and the Angles of ihofe which in- 
ttcftftone another';^ that yo« may 
be aide readily to aCiga the Pole of 
any' g^sren Qrcfe, d^v• aiid thefe 

thing* 
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tlungs beinp underfiood, you will 
eafily perceive that with reQ)e£t to 
fi>me oblique Qrcles there ckn be no 
Line of Meaiures properly fpeaking, 
f«e« there cannot be found a line 
which ihall agree to the D4- lo^ be- 
caufe no great Circle can be drawn 
at right Angles both to the oblique 
Circle, and the Plain of the Pro^ 
jedion : As in the Projedion of the 
Hour Circles upon the plain of the 
Horizon for any affigned Latitude 
lefs then 90^ » 'tis certain^ no great 
Circle will be perpendicular both to 
the Plain of the Projedira^ and a« 
ny of the Hour Circles, excepting 
that of tf i fb that in the Projedi- 
on of all th^ reft, we mufi: have 
recourfe to another Artifice, and 
detenntn another Line in which all 
their Centers fhall be foimd, and 
which Line I ihall call a fteondiaj 
Line of Meafares^ and the way of 
finding fucti a Line I ihall (hew by 
and by. But in caft any oblique 
Circle be propofed to be projeded, 
tQ which no Line of Mewnres can 
be fovnd, .fiiit find the PQle c^ that 

Circlet 
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Circle^ dxd imagin any Number of 
Gircles paffing through its Poles, 
and try to find a Line of Meafures 
to fome of thefe-, and if you can, 
then may the Circle prbpofed be 
projefted by determining a fecnnda- 
ry Line of Meafures, which you 
will know how to find after I have 
premifed thefe four Propofittons, 
by the help of which it will be eaiie, 
by Scale and Compafs, to projed 
the Sphere upon the Plain of any 
great Circle. 
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PROP. IV- 

If A great Circk be to befrojeBed ufOH 
the Pliun of another great Circle^ its 
Center Jhall lie in the Line of Mea- 
fureSi dijiamfrom the Center of the 
Primitive iy the Taf^nt of itsEle^ 
vat ion above the Plain of the Primi- 
tive. 

Draw the Circle A B G Q which ima- 
gin to reprefent the Primitive, in whole 
under Pole let the Eye be placed ^ and 




A-.. 
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let A e G be the oblique Circle to be pnK 
]ed:ed, elevated above the Frimitive a- 



(so 

Ay mimter of Degrees: Imagia a Plain 
paffing thro^ the Eye perpendicular to the 
primitive and oblique Circle, then there 
will be produced a Seftion^ which may 
be reprdented by A B G C, cutting the 
Plain of the Projeflion in B C, and the 
oblique Circle A « G in E F ; the Place 
of the Eye in this Sedion is at A. Draw 
the lines A E, and A F producing them 
tin they meet B C produced in tf and f ; tf / 
will be the Repre^ntation of the Diame<- 
ter E F $ and confequently being biC- 
&dtGd in 0j the Circle A e G/may be de- 
fcribed, which is the Reprcfentation of 
the proofed oblique Qrcle^ the Eye bet- 
ing placed in the under Pole of the Pri- 
midve ABGC. Now I am to prove, 
that the Center of the projeded oblique 
Qrde^ is dillant from P the Center of 
the Primitive, by the Tangent of its E- 
levation above the Primitive ^ $. e. that 
« P is equal to the Tangent of the Ark 
BE. 

From the Center A, with the Radius 
A P, defcribe the ArkD P F^ the Angle 
£ A G is equal to one half of E P 5 : 
The Angle E A G is likewife equal to 
AfP, and AfP isequaltot P«A; 

E 2 there- 
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therefore the Angles ?o A and £ P G 
are equal ^ and confequently^ their Com- 
plemeats E P B and P AO will be equal 
alio. But in equal Grcles equal Andes 
are fubtended by equal Arks ; therefore 
the Arks B E and P D are equal, but P O 
is the Tangent of the Ark P D, and 
therefore equal to the Tangent of die 
Ark B E, which is the Elevation of the 
oblique Circle above the Plain of the Pro- 
jedion. Q. E- D. 

But here it may be obje^ed, That I 
ufe the Circle A e G both for the oblique 
Circle to be projefted^ and for its Repre- 
fentation in the Plain of the Projedion *, 
which I own ^ nor can it be othetwife, 
for a Circle elevated above the Primitive 
cannot be drawn otherwile than as it is 
reprefented in the Plain of the Proje- 
ftion. 

C O R O L. 



Hence it is evident^ e o and A o being 
equal, that the Secant of the Elevation 
ot the obliqije Circle above the Primi- 
tive being fet from «, the projeded Ex- 
tremity of the Diameter £ Fin the Line 

of 



of MeafurcswillfindOtheCciiterofthe 
oblique Circle 5 or, on the contrary, ha- 
ving found O the Center of the oblique 
Circle, by fetting the Tangent of its E- 
levation above the Primitive from P to 
O, then the Secant of the lame Elevation 
fct from O, will find e a point thro' which 
it muft pafs. 

PROP. V. 

Jf d lejfer Circle whofe Poles lie in the 
flain of the Pro]e&ion were to he pro* 
jeSed; the Center of its Re frejentoi^ 
tionfhallheinthe Line of Meafures^ 
difl ant from the Center of the Primi-^ 
tive by the Secant of that lejfer Cir^ 
fle^s difiancefrom its Pole ; and its 
Semidiameter or Radius fhaU be e^ 
qualto the Tangent of that Dijt^ffce. 
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Suppofe BD the Line of Meafures; 
and E F a Diametor of the lefler Ctrde 
to be pro)eded| both determined by tihe 
Se^on oi a Piain^ as above direddl $ 
the Poles of the lefler Qrcle EFwillbe 
3 and p (^ Lemma id.) : 




Draw the Lines A e E and A F f; the 
Diameter E F, with relbed to the Eye 
at Aj will be projeded Into ef^ which, 
being biflefted, will give o the Center of 
the Projedion of the lefler Circle E F. 
Now I am to prove. That o the Center 
of the prpjeded klfer Circle, is diftant 

frota 
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from Q. the Center of the Primitive by 
the Secant of the Ark E D, the Diftance 
of the {aid lefler Circle from its Pole D. 
Draw the Lines (i.E, E o and E/ j the 
Triangle e E/is Right-angled at E, and 
is divided into two iimilar Triangles by 
tjte Diameter E F ^ therefore the Angle 
e E N is equal to the Angle £/>)» which 
is eqaal iofZ^i But the Angle e E Nis 
equal to the Angle E A Q.9 which is-e- 
qual to Q.E A. 

Therefore the Angle Q E A is equal 
to the Angle flE.o. If from the right 
Angle eEf be taken the Angle OE^ 
and to the Remainder be added the An«- 
gje Q.E A equal to the Angle/E • ; the 
Angle q^E o will be a Right one ^ and 
cojuequently (Q.E being a Radius) Eo 
will touch the Qrcle at the pomt E j and 
the fame Line E o will be the Tangent; of 
the Ark E D (the leiTer Circles Difl^ce 
from its Pole) and Q.^ the Sequit of the 
fime Diftan^i?. Qi E. Di^ 



E4 PROP, 



PROP. VL 

If A Uffer Circle mre to be projeited^ 

uphoje Poles lie not in the plain of the 

Prcqe^ion ; its Diameter in the Pro^ 

je^ionfififfalloneachfidethe Pole 

of the Primitive^ mUbe equal to the 

. Sum of the halfTangenti of its great'- 

eBani nearest Diftance from the Pole 

pf the Primitive J fet each way from 

the Center (f the Primitive in the> 

Line of Meafuns. 

Things being fuppofed as above, let 
ip D be the Line of Meafyres ^ £ F a Di« 




. V 



ameter 



r 



( 57 ) 

ametcr of the lefler Circle to be pro- 
jeAed i which, with refpeft to the Eye 
at A, will be projefted into «/ in the Line 
of Meafures. Upon the Center A, and 
with the Radius A Q. defcribe the Ark 
G Q.H,which Ark the line B D wiU touch 
at the point <i,and e Q.will be the Tan- 
gent of the Ark GQ^and Q/ the Tangent 
of th? Ark Q.H ; but G Q.is equal to i 
E C, and QLH e^ual to i C F, becaufc 
the Angle E A C is equal to f E dC, and 
F AC equal to i FQ.C; but in equal 
Circles equal Angles arefubtended by e« 
qual Arks \ and confequently EC is dou- 
ble of G <i, and C F double of Q.H •, 
therefore e d, which is the Tangent or 
the Ark G Q., will be the Semi-tangent 
of the Ark E C, the neareft Diftance of 
the Qrcle E F from C the Pole of the 
Primitive i and Q^f the Tangent of the 
Ark dH, will be the Semi-tangent of 
the Ark C F, the greateft Diftance of the 
lefler Circle from C the Pole of the Pri- 
mitive ; and confequently, the whole 
linp e/wiH be equal, &c. Q* E. D. 
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PROP, VIL 

If ^ i^J[^ Circle to be projeRedfJl eu^ 
tinly on one fide of the pole of the 
Projelfionj and do net encomf^s it 
4s in the UB Prop, then wiBits Dis^ 
meter be equal to the Difference of the 
half Tangents of its greateff and 
neareB DiJIancefrom the pole of the 
Primitive^ fit off frmn the Center of 
the Primitive one and the fame tPOf in 
the Line of Meafnreu 
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Suppofc A D C B a great Circle of the 
Sphere, cutting the primitive Circle in 
D B (which is therefore the Lme of Mea- 
fures) and the lefler oblique Circle in 
£ F : Let £ F fall on one and the fame 
fide of C : Draw the Lines A F and AE 
cutting the Line of Meafures in /and ei 
f t therefore is the Projedion of FE, and 
confequentlythe Diameter of the Circle 
in the Projedion : But /e is the Difference 
of the half Tangents of its greateft and 
near eft Diftance from C thePole of thePri- 
miti ve^ which I thus prove : Upon theCen- 
ter A and with the Radius AG defcribe the 
Ark LGK 5 which Ark^the line BD,(being 
at right Angles to A G) will touch at the 
point G 5 and G f will be the Tangent of 
the Ark G H, and G e the Tangent of the 
ArkGl2ButGHisiCF,andGIisiCEi 
therefore G/ is equal to the half Tangent 
of C F^andG e equal to the half Tangent 
of C E : But G F is the neareft Diftance 
of the lefler Circle from the pole of the 
Primitive, and C E is its greateft 5 there* 
fore G/ and G e are equal to the half 
Tangents of its neareft and greateft Di-r 
fiance frt>m its Pole : But G e -^ G Fis 
^fei therefore its Diameter is equals 
&^. Q.E.D, PROP. 
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PROP. VII. . 

Jn the SterepgrAphick Fr<je£Ho»^beJth 
gUs made by the Cireles on the Surface 
cf the Sphere, are equal to the Angles 
made by their RePrefentmves in the 
plain ^ the ProjiHiott. 

Suppofe the Eye at A projcding the 
Angle R B S upon the Primitive E F S j 




draw BD a Tangent to the Grde BS, 
and B C a Tangent to the Qrcle B R, 

in 



in B the point of their Interfed^ion, which 
Tangent will make the fame Angle 
that the planes of the Circles do j the 
plain £ F S 9 and likewife the plain made 
by the Tangents B D and B Cy are both 
perpendicular to the plain of the Circle 
BCLA, and their common Sedion DC 
will therefore be perpendicular to the 
Line £ F produced. The £ye at A pro- 
)eds the Tangent B D into F D, and the 
Tangent B C into F C Now I am to 
prove that the Angle C B D made by the 
Tangents to theiie Qrcles on the Sphere 
is e^ual to the Angle C F D made by the 
pro)e&ed Tangents on the Plain of the 
Projeaion. Draw B Q.parallel to E F 
and joyn Adj the Angle D B A is equal 
to the Angle A QJB, equal to AB Q, e- 
qual to B F D, equal to DB Fj therefore 
B D is equal to D F : Then in the Trian- 
gles C DF,CDB,CD,DF are equal to 
CD, D B, and the Angles C D F and 
CDB both right, therefore CFD is e- 
qualtoCBD. Q:£-D. 
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« 

7%e Troje6tim of the Sphere^ 
upon the ^Ictin of the Hori- 
zon^ Im. 51^. 3o\ 

Draw a Circle of any Magnitode at 
Pkafure^ as N £ S W reprefenting the 
Horizon ; in ivhich^ draw the two Dia* 
metaers WE andN S craflingone another 
at ri^ Angles^ which wHl be the Re* 
prefentations of two great Girdes of the 
^here^ as I (hall Ihew afterwards : Let 
N repreient the Norths the Eaft, S the 
South, and W the Weft part of the Ho« 
rtzxM). 

N. B. In all tiieie Proje&ions, we 
ufbally (uppoie the Eye iathe un« 
der Pole of the Primitive, Pro- 
jeding that Hemifphere which is 
oppoted to the Eye, which will 
all fall within the Primitive ; But 
that Hemifphere in which the 
Eye is, will all fall without the 
Primitive, and will run out into 
an infinite annular Plain, in the 
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Plain of the Projedion, and 
confequently cannot all of it 
be Projeded by Scale and Gom« 
pafs. 

I. Let us begin with the Projedion of 
the Equinodial, and here we muft firft 
detenntn the Line of Mealures in which 
the Center of this Circte will be ; and 
this will be done by determining in what 
points a plain perpendicular to the Pri« 
mitive and Equinoftial will cut the Ho- 
rizon, whether in the North and Soutb^ 
Eaft and Weft, or in what other inter- 
mediate points fuch a plain fliall cut it : 
Tlie Pole of the World in this Projeai- 
oa is elevated f i^. 30% and confequent- 
ly, the Equinoftial on the Northern part 
of the Horizon will fsdl below the Hori- 
zon, and it is the Southern part which 
we muft here Projeft, or which will fall 
within the Primitive ^ That plain whol<f 
Interfedion with the Horizon (hall pro- 
duce the Line of Meafures, will be the 
plain of a MericUan paffing through the 
North and Soutii parts of the Horizoui 
for that Meridian will pals through the 
Zenitb and the Pole of the World, and 

will 
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will be at right Angles to bo^ the Ho-^ 
Tilon and EquinocUal Qf Lemma 2.) 
wherefore N S will be the Line of Mea- 
fures; in which the Center of the 
Projed^d Equinoftial muft fall; And 
iince. iti is the Southern part of the 
Equino^ial which we are to projeft, its 
Center Will be towards the North, and 
may eafily be foiind by Fropi 4. its Eleva- 
vation above the Horizon being firl!: 
known ; and this in all Latitudes b ftill 
the Complement of the Elevation of the 
Fole^ fb that the Poles Elevation in our 
Latitude being 51°. 30', the Elevatioii 
of the Equinodiai above the Horizon 
will be 38° . 30' J the Tangent of wWch 
being fet from zton will give its Center, 
and the Secant of the fame 38''. 3o^ will 
give its Radius (by Ccr. Prop. 4.) with 
which the Circle W Q.E may be delcri* 
bed, which is the Reprefentation of that 
part of the Equinodial, which is above 
our Horizon for Latitude 51^, 30'. 

IL We willProjeft the Ecliptick,which 
being a great Circle of the Sphere, muft 
cut the Equinodial at a Oiametei's Dift- 
ance h <. in E and W, the Eaft and Weft 

pomts 
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l^oints of the Horizon ; and cbrifeqnentfi^ 
ly will have the fame Line of Mcafure^ 
with that of the Equinoftiai, m^: N Sj 
for one and the fame Circle will pais 
thro' the Zenith^ the Pole oi the Eqiii- 
noftial and the Pole of the Ecliptick, 
and J by the fecond LttHma ^ will be 
at right Angles to thfem all: The 
Line of Meafures being deterniined^ 
let tis confider whether its Center 
will fall X towards thfe North or toi 
Wards thfe South of the Horizon ; and 
this will eafily be determin'd, by confi- 
dering that the Equmodial is elevated 
above the Southern Part of the Horizon 
58*. JO ^ and the Northern Part of the 
Etliptick, or the Northern Sign$, arfe 
elevated ibdve the Equinoctial 23*. 30'. 
which,in all, make 52^^ which is lefs then 
90^. fo that it mult fall towards th* 
Souths and confequently its Center muft 
fall towards the Norths and may be found 
by Trop* 4. by letting the Tangent of (J2*i 
from Z to^^ and the Secant of ei"" will 
give its Radius, with which the Circle 
W C E, the Rcprefentation of the Nor- 
thern Half of the Ecliptick, may be de* 
Jcrlbcdi 

F The 



. The Southern Part of the Ecliptick 
is Ukewife for the moli: part projeded ia 
the Horizontal Projedion, and made to 
&1I within the Primitive 5 but this cannot 
be the Globe remaining fixt^for that part 
of the Ecliptick which is below the Hori- 
zon will be thrown out of the Primitive > 
ib that it cannot be Projeded unlefs the 
Globe be fuppofed to be turned round, 
and by that Means the Southern Part of 
the Ecliptick to be brought above the 
Horizon 5 but (uth a Revolution ot the 
Sphere, where it makes any Alteration, 
is fcarce allowable ^ however I ihall fbsm 
how it is ufually Projeded. 

The fame Line of Meafiffes N S re- 
mains ftill, and the Qrcle muft fall to 
the Souths and confequently its Center 
to the North of the Horizon ; therefore 
nothing remains but to find its Elevation 
above the Horizon : The Northern Part 
of the Ecliptick falls 23*" ;o' nearer die 
Zenith than the Equinodial does, there- 
fore the Southern Part being brought a- 
iiove the Horizon, mull be 2;*" 30' near-* 
er the Horizon than the Equinodial ; fo 
that 38** 30' — 23* ;o' = iir* is the 
Diftance of that part of the Ecliptic^ 

above 
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above the Horiton : Jt will %^ reprefeat- 
ed by W ^ E^ and may b^ d^fcribed by 
frtfi* 4. 

III. N S produced will likqwU^ bQ tjie 
line of Meafures, for ^U ParaUeh of 
Declination^ and Parallels of l^atitude 
for the Poles of lefler Circles being the 
feme with thofe pf the greater Circles 
to which they are Parallel, 'tis certain, 
that the fame Plain which is $t right An- 
gles to the Equinoftial apd Horizon, will 
Ukpwife be at right Angles to all lefler 
Circles parallel to the Equinoctial ; and 
the lame will hold with regard to Circlet 
parallel to the Ecliptic^ : But N S is the 
Line of Meaihres of the Equinodial and 
Ecliptick, and confequently mull be the 
Line of Meafures of all Circles parallel 
to either of them i therefore the Centers 
of fijch lefler Circles will be in N S pro- 
duced if occafion be j and they may be 
proje^d by Prof^ 6 aud 7 • For Infl:ance, 
the Tropick of Cancer may be defcribed 
by Pri^p. $. after this manner ; confider 
ixi this Pofltion of the Sphere what will be 
its nepreftand greateft pittance from the 
Zenitbf or the Pole of the Primitive, 
which you will find to be i8*. for the E- 
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<]Uia6dial being elevated 38*. 36^ a*» 
bove the Horizon^ and the Tropick of 
Cancer being 2 j ^ ^o' from the Equinofii- 
alj which, being added together, give 
62''. which, fubftraftcd from 90"*. leaves 
28**. its Diftance from the Zenith on the 
South Side of the Horizon % therefotc 
the half Tangent of 28°. ot the Tangent 
of i4fet from Z to C, will give one Ex- 
tremity of its projedled Diameter. Then 
the Diftance from the Zenith to the Pole 
being ;8®. 30^ and from the Pole to the 
Tropick of Cancer 66**. ;o'. the Sum of 
thefe, mz,^ 105''. will be its greateft Di- 
ftance from the Zenith, the Half-Tan- 
gent of which Diftance being fet from 
Z to a^ will give the other Extremity 
of its projected Diameter ; therefore, 
having got C a the Diameter, *tis butbif- 
fefting it, and the Circle S C S may be 
defcribed. 

The Tropick of Capricorn will be de* 
fcrib'd after the lame manner by Vrof. & 
The Diftance between the Equinodial 
and the Zenith being y i ''• 30'. if to this 
be added 23*** 50'. you'll have 75**. equal 
to the neareft Diftance of the Tropick of 
Capricorn on the South Side of the Ho- 
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rfeon; the Half-Tangent of which be- 
ing fet from 2 to f , will give one Extrc-^ 
piity of its Diameter. Then the Di» 
Itance between the Zenith and the Pole, 
wi. 58®. 3o^ and the Diftance between 
the Pole and the Equinodial, which Is 
90K and the Diftance between the Eqni- 
nodial and the Tropick of Capricorn , 
which is 23°. 30', being all added toge- 
ther, will give the greateft Diftance of 
the Tropick of Capricorn from the Ze- 
nith, viz,. I f 2. the Semitangent of which 
being fet from Z towards the North, 
wUl give the other Extremity of the Di- 
ameter. Billed the Diameter found ia 
f, and defcribe the Circle vs <? vSi which 
is the Reprefentation of ib much of the 
Topick of Capricorn as falls within th9 
Primitive, 

IV* The Polar Circle may be defcribe 
cd by Prop. 7. for it will fall on one hand 
pf the Zenith, as you will eafily per- 
ceive by realbning after this manner 2 
The Diftance of this Grcle every where 
from the Pole is 2;^, 30'. but the Pole 
l>Bing Elevated on the North Side of the 
fiprma yi% 33*1 But yi% 30' i- 23*", 

F 5 ^9 



(70) 

^0 r*i 'jp y * . !s left thfeft 90^. fl) that It does 
ttot pafs beyoftd the Zefiith* Thercfijrc 
YV labtraded from ^(f. leaves ly*** 
which h the neareft Diltatice of the Po- 
kr Circle from the Zenith: And the 
ttalf-Tingetit of 15**. fet from Z to v, 
wttt giye one Extremity of its projefted 
Diumt'cer ^ aiid then 1 5* . +- 47* . = 61^ . 
will be Its greateft Diftance from the 
^nith the Half-Tangent of which Di- 
ftancc letfrOtti Z to f^ will give the other 
Extremity of its projeded Diameter j ib 
that its Diameter 'of being found, *ti$ 
but bilfeifHng it and the Circle may be de« 
fcribed. 

1 IhaH omit the drawing any PatuBete 
ftf Latitude kaft I Ihouid too miich per- 
plex the Scheme : But there Will be no 
Difficulty in them, for they will be 
Arawn after the fame manner as the Pa^ 
itllels of Declination are ^ for you mvSt 
cOnfider their greateft and neareft Di- 
ftafK:efrom the Pote of the Primitive, or 
the Zenith, and then fet the Half-tato- 
^nts of thofe Difl^anccj; found, eitJier 
the fame Way or contrary Waysf rom the 
C<?nter, according as th^ Circles to be 

Prq^ 
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Projected fall on one fide or both fides 
the Zenith, and then you will have theiir 
|nro)<^ed Diameters^ and may defcribe 
the Circles. 

V. I fliall nowr fliow how to piojedk 
the Hour-Qrcles ; and firft I am to deter^ 
min a line of Meafures, in which their 
centers Ihall be if it be poQible : But I 
eaiily difeorer it impolfible to find one 
Line of Meafures iw them all ; for they 
are differently enclined to the (forizon , 
and confeqnently the Plain of no one 
great Circle can be at right Angles to 
the Horizon and all the Hoar Circles : 
therefore let us fee whether we can find 
the Plain of a great Qrcle at right Anr 
gks to the Horizon and any one of them $ 
asA this I find pofllble, by coofidering 
that the Hour Circles being all at right 
An^es to the Eqouiodial, their Poles 
will be all found in this Circle ; but the 
Poles of all great Circles being 90"^ di- 
flaat from their Plains, the Hour Circle 
of 1 2 and the Hour-Circle of 6 mufl: of 
neceflity pafi thro* each others Poles , 
and con&quently will be at right Angles 
to one another^ by the ftcond Lcwma. 

F ^ Biit 
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But the Hour Circle of i% is zt 
right Angles to the Horizon from what 
was faid before, and interfeds it in N S ; 
therefore the Line N S will be the line 
of Meafures^ in which will be the Cen- 
ter of the Hour Circle of 6, and its 
Crater will be towards the South part of 
the Horizon, becaufeall the Hour Circles 
pais thro' the Pole which falls towards 
the North. The Eleration of this Cir- 
cle above the Horizon being the fame 
with that of the Pole, viz^ 51**. 30** 
take the Tangent of 5 1 * • '30 -. and fet it 
from Z to K i and upon the Center K^ 
and with the Secant of the fame Elevati? 
ondefcribe \y P E, which is the Circle 
requirM, 

The Point P where N S and W E in- 
terfefk one another, is the Reprefentati- 
on of the Pole of the World j for N S 
being the Reprefentation of the Hour 
Circle of 12, the projeded Pole muft 
be fomewhere in this Line ^ but it muft 
be fomewhere in W E, which is likcwife 
the Projedion of an Hour Circle, there- 
fore it muft be in that Point where thefe 
2 projefted Circles interfed one another, 
th^t is, in the point P j P is the Point 
" ' ' - thr(j' 
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thro* which all the Hour-Circlcs muft paf^ 
in the Projedion. 

In order to draw the reft of the Hour-. 
Drcles we muft h^ve Recourfe to zf^m^ 
Jaryllne of Mcafures,whi^h will be deter* 
mined after this manner : To P K at the 
point K, erea D B at right Angles, and 
produce the Circle WP E till it meet 
the line D B in the points D and B, I 
fay, the line D B will be the fecundary 
line of Meafures in which the Centers 
of all the Hour Circles will be found ; 
for let the Hour qirqle of <i D P B be 
confidered as the primitive Circle, in 
whofe under Pole (which will be in the 
EquinoAial) K let the Eye be placed ; 
then will D B be the Reprefentation of 
the Equmodial, for it pafllng thro' the 
Eye will be projeded into a right liqe ; 
but the Equinodial is at right Angles to 
the Hour-Circles, both the Primitive 
and all the reft , therefore it will be the 
(ecmiofy Line of M^fures upon this 
Suppolition, in which will be all their 
Centers : Ia order to the finding of which 
fet the Seftor to the Radius PK, then 
take of the Tangents of 15°. 30**. 45*. 
tlte Elevations of the Houir Circles above 

thf 
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the Hour«-Circle zt 6, and let them both 
ways from K to r, from K to f^ and from 
K to r, &c. then upon thofe Centers and 
with the Secants of the fame Elevationsi 
defcribe the GrclcS PP, P Q, and PT, 
which will be the Honr-Circles ; for they 
are all great Circles of the Sphere, (for 
the Suppolition does not make any Alte- 
ration as to that) pafs thro' the pole P, 
and make Angles with one another of 
1 5*. or are ij**. diftant from each o- 
ther, and the Portions of thofe Circles 
which f^n withm the Primitive N E S W 
asH P b, are the Reprefentations of thde 
Halves of the Honr-Circles which are a- 
bove onr Horizon in our Latitude. 

VI. In like manner the Circles of 
LongitiKlc may be drawn, by determin* 
ing the Secundary Line of Meafures R s 
in which all their Centers will be 5 and 
this Line will be determined after the 
lame manner with D B above, and the 
Circles of Longitude drawn as we there 
drew the Meridians : For the Line N S 
will be the Line of Meafures, with re- 
fpect to one of them paifing thro* E and 
W the EBft and Weft Points of the Ho- 
rizon J 
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tixon ; ia order to draw this Circle con- 
fider how much it is elevated above the 
Horizon, and this will be found by con« 
fidering the Diftance of the Pole of the 
EcUptick from the Pole of the World, 
which is 23*^. 30f. but the Elevation of 
the Pole is 5x% 30', therefore 5i*. 30'. 
— 23*. 30'. = 28*. will be the Elevation 
of tMs Circle above the Horizon ; fet 
the Tangent of 28*. from Z to Q.» and 
with the Secant of the fame Difl-ance de- 
fcribe the Circle W f> E j top Q.ac the 
point dered R S at right Angles, which 
will be the Secundary Line otMeafures j 
in this Line from Q., (the Seftor being 
let to p Q.) fet off the Tangents ctf 
2po . 40*. according to the number of 
Circles you have a mind to draw, from 
Q.to;c, fromQ^to^, Sec. and with the 
Secants of ao". 40 •. &c. defcribc the 
Circks of Longitude Ufm^&c* 

VII. Hie Reprefentations of Azimuths 
in this Projeftion will be all right Lines \ 
and any number of them may be drawn 
making any afligned Angles with one a- 
iM>tlier, if the Umb be divided into its 
Degrees by the help of a Seftor, aud 

thro' 
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thro* thcfc Degrees be drawn Diameters 
to the Primitive. 

VIII, All ParaUelsof Altitude ia this 
Projedion will be Circles parallel to the 
Primitive, as may be gathered from the 
6 Prof, and may be eafUy drawn by that 
Trof. fo that I fhall omit the drawing of 
any of tbem/or fear of too much perplex- 
ing the Scheme. 

T'he TfQJe^iitm of the Sphere 
upon the Vhin of the K^uu 
nodlial. 

Defcribe the Circle W N E S repre^ 
Tenting the Equinoctial or the primitive 
Circle, and draw the Diatneters W E 
^nd N S eroding one another at right 
Angles,which win be the Reprefentations 
of two Hour Circles, which in this Pro* 
jedion wiUbe all projeded intx> right 
lines ^ for the Eye being in the under 
Pole of the Equinodial, or that Point 
fhro* which all the HourCurcles pafi, 
they will, by Def. 5. be all projeded itkt^o 
right Lines 5 Jet N repr^ent the North, 

Eth9 1 



I ^ 



' 4 

J 

I 

I 



«"1 



'> , 



»<«i i.iiiii. 






ill") 

t the Eaft, S the South, and W M 
Weft part of the Primitive ; and tho' 
there be no fuch thing as Eaft and Weft^ 
North and South In the EquinoAial, yeti 
feeing in this as in all other Proje(^ions^ 
the Sphere is imagined to be fixe, that 
may be called the North Part of the 
Equinodial which refpefts the North 
Part of the Horizon, that the. South 
Part which fefpeds the South, and fo of 
the reft. 

• 

I. To begin with the Projeftion of 
the Ecliptick : This being oblique tO 
the Plain of the Projediion, we muft firft 
determin the Line of Meafures before 
we can find its Center, and this will be 
done by confidering, that the Northern 
Signs or the Northern half of the Ecli- 
ptick being elevated above the Plain of 
the Projediion towatds the North,it muft 
cut the Equinodial in the Eaft and Weft 
Points, and confequently a great Circle 
of the Sphere perpendicular to the Equi* 
nodial which pafles thro* the North 
and South Points, will likewife be per- 
pendicular to the Ecliptick ; wherefore 
its Line of Meafures will $e N S, and 

its 
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its Center may be found by (etting the 
Tangent of z?*. ;o'. its Elevation of 
above the Primitive from Z to a^ and 
with the Secant of the fame Elevation 
the Circle W C E may be drawn, which 
is the Reprefentation of the Ecli- 
ptick. 

II. The Northern Part of the Horizon 
for our Latitude; 5X«. 30'. will likewile 
be elevated above the Equinodial, where* 
fore it will interfeAtiie Equinodial in 
the Eaft and Weft Points, and confe- 

5[uently will have the &me Line of Mea«f 
ures with the Ecliptick, vix^ N S : Its 
Elevation above the Pjrimitiy e is 5 8\ 30^. 
wherefore take the Tangent of jS*. 30. 
and fet it from Z to hy which will giv^ 
its Center, and with the Secanp of the 
lame Elevation delcribe the Circle WHE, 
which is the Reprefentation of our Ho- ^ 
rizou. 

III. All Parallels of Latitude and Al- 
macanters, or Parallels to the Ecliptick 
and Horizon, will have the fame Line of 
Meafures with their reljpeaiye greater 
Circles, t;i;&. the Ecliptick and Horizon 

to 
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to which tbey are parallel 5 j. «• M S will 
be the Uneoif Meafnres for allfuch Cir- 
cles 5 and they may be eafily drawn by 
Vrcf. 6 and 7. after the fame manner that 
the Parallels of Declination were drawn 
in the Horizontal Projeftion. 

IV, The Parallels of Declination will 
be Goncentrical with the Primitive ; fi> 
that there will be nooccafion todetermin 
a line of Meafnres for thele Circles ; for 
they may be drawn by Vref. 6. by taking 
the Semitangents of their refpedive Di-^ 
ftances from the Pole, and placmg one 
Foot of the Compafles in tlie Center of 
the Primitive, and therewith delcribing 
the Circles : Thus the Tropick of Can- 
cerC/'f may be drawn by taking the 
Haif-Tangentof 65«. 30 ^ and therewith 
placing one Foot of the Compafles m the 
Center defcribing a (^irde, which will 
be the Tropick required. 

V. The Hour Circles in this Projedion 
will be all reprefented by right Lines : 
and in order to draw thefe, you need 
OBuely &t ofTthe Chords of 15''. 30*. 
4S^. tfo** 75*' wd 90\ jfrom Wand E 

to- 
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tbwatds N, ind dien draw the Diametef^ 
K Z i and 'tis done ; for thofe Diame- 
ters will be the Reprefentations of the 
Heur<:ircles. . 

VL Circles of Longitude and Azi* 
muths will here be drawn after the lame 
way i I ihall onely ffiow the way to de- 
fcribe> 3 or 4 of the Drcles of Longi-^ 
tude for by this any one will eaffly 
perceive how to draw the Azimuths : 
And firlt^the line N S being the common 
Interiedion of a Circle perpendicular to 
the Equinodtial and Ecliptick, with the 
Plains of thofe two Circles, the Repre- 
fentations of both their Poles muft be 
fomewhere in the Line N S ^ but the 
Ecliptick being elevated above the Eqjai^ 
noiaial towards the North, its Pole muli: 
of courfe be towards the South ^ but its 
Pole is fbmewhere in the Circle fbik^ 
which reprefents the polar Circle, therc& 
fore it is in the point ^, where p b ii( and 
NS interfed one another towards the 
South -, p is the Point where the Circles 
of Longitude interfeft one another: 
Find the Center of a Circle paffmg thro' 
the 3 Points W, P and £, which will be 

eafily 
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eaGly done from the Elements, which lec^ 
be S ; 'tis plain that W P £ will be the 
Reprefentation of a great Circle of the 
Spt^e, as cutting the Primitive in W 
and E^ the fame Points that the Ecliptic^ 
does, and confequently will be at right 
An^es to the Ecliptick by Lemmai i« 
aikl by the latbe Lemma it is evident, 
that a great Circle which pafles thro' 
the Poles of one, and is perpendi- 
cular to it, will likewife pais thro* 
the Poles of the other and be perpendi** 
ailar to it •, wherefore N S will be the 
Line of Meafures for the Circle W P E, 
and being produced will pafs thro' ki 
Centers ; ereft mm at right Angles to 
N S, and in this Line from the point S, 
fct off the Tangents of 20*. 40*. &c. ac* 
cording to the number and diflances of 
the Circles you have a mind to draw, and 
then, according to Prof. 4, with the Scr 
cants of 2o%4o*. deicribe the Circlet 
D Jy &c. The Reafon of proceeding thus 
in determining the Line m mh evident 
from » f in the Horizontal Proje&ion, 

VIL If it were required to projcft the 
fixed Stars in this Projedion, find the 

G DC' 



D^Bijatioo aod right Afcenfon of the i 
Star to be Projcded, which may be had 
from the AftroBomical Tables, andthea ^ 
proceed thu$: Suppofe theDeclinatioa 
of a Star were aa*. )o'« North, and 
his right Afceafion 4^. take the Semi*^ 
tangent of the Complement of ly. 3or« 
viz. 66"". iQ\ and therewith placingone 
Footof theCompafles in the Center of 
the Primitive, defcribedie Curcle Ce^ 
which will be the Star's Parallel of De- 
clination ^ then fet oJT 45*. its right 
Afcenfion, from £ to K, and draw K Z, 
and that Point where K Z interleSs the 
Parallel will be the Star*i place. 

But if the Declination of the Star had 
been 30*. South, and its right Aicenfioa 
4o<'. then take the Semi*tangent ol po*. 
4- ;o*. = I20V and therewith deicribe 
the prickt Qrcle^TV, which will be the 
Star's Parallel of Declinatvon, as wiU be 
evident by the Stereographick ProUems, 
and then fet off the Chord of 40*. from 
£ to If, and draw the prickt Line Z n 
produced till it meet the Stars Parallel of 
Declination, and that Point in which it 
meets it will be the Star's pkce. 
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f^TrojeSlim of the Sfbere 
fon the Tlam of thec^cli-^ 
itick. 



gfcribcthc Circle 14 ESW, rcpre- 

iig the primitive Qrcle or Plain of 

Eclqptick, and crols it with the two 

iieters N S and W E, which will be 

JReprefentations of two Circles of 

gitnde, all which in this Projeaioa 

'be reprefented by right Lines, fincc 

r all pals thro' the Eye which is plac- 

li the under Pole of the Ecliptick : 

N reprefent the Korth, E the Eaft, 

fee South, and W the Weft Part of 

Ecliptick. 
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\ The Equinoftial will here fall to- 
nds the South , for 'tis the Northern 
f of the Ecliptick that is elevated a- 
re the Equinodial, and confequently, 
the Southern part of the Equinodial 
I may be allowed to fpeak fo) that is 
(Vated above the Ecliptick : Wherefore, 

G * N S 
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N S being found to be the Line of Mea- 
fares by the laft Projeftjpn, its Center 
will fall towards the North, and may be 
found by letting the Tangent of its Ele- 
vation above the plain or the Primitive^ 
wz^ S3^ 3o^ from Z tx>m\ then take 
the Secant of the fame Elevation and 
defcribe the Circle WQlE, which is the 
Reprefentation of the Equinodial. 

IL The Line N S will likewife be the 
line of Meafuresforall Parallels of De- 
clination from what has been faid. The 
Tropick of Crfwer may be drawn^by confi- 
dering that it touches the Ecliptick on 
the North Side, and its Diftance from the 
Pole of the Projeftion towards the 
South being 43*. take the Half Tangent 
of 43*. and fet it from Z to S, and you 
will have the other Extremity of its pro- 
jefted Diameter 5 billed the Diameter 
eg s, and defcribe the Circle. Any o- 
ther Parallel of Declination, as the polar 
Circle 2/ xy &c. may be defcribed after 
the fame manner, viz*, by ?rof. 6. 

III. In order to draw the Meridians 
in this Projedion, confider that the E- 

quinodial 
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qmnoftial being elevated above the plain 
of the Projedion towards the South, its 
Pole muft fall Ibmewhere in the Line N'S 
towards the North, and may be found 
by Vrop. I. by letting off" the Hatf-Tan- 
geht of xy. 36'. from 2 to P, Thro* 
P and theEaftand Weft Points EandW^ 
draw the Circle W P E, which will be 
the Reprefentation of the Hour-Circle 
of 6 J at B the Center of this Qrcle^ 
crea r r at right Angles to P O 1 and 
this, will be the Secondary Lineof Mea- 
fures, in whidi \Mt all their Centers will 
be, a^ may be fou^d, by letting off the 
Tangents of 15', ^oK &c both ways 
jfrom to % from to r, fitc. and the 
Circles AP^; BrP*, CPc^DP^may 
be defcribed with the Swaflts of ly. 
30*. &e. as above. 

IV. The LineN S will likewifebe the 
Line tfMesfmn fw our HmzM^ and like- 
wife all ParaBels of Altitude j the firft 
e^ which may be drawn by Prp^. 4. and 
tiic latter by Pr#p. 6. and 7. 

V. The ATimuths ipay be drawn by 
finding the Pole of the Horizon in the 

I^ 3 line 



Une N S towards tbe Kortb^ aod de 
term\amgzSte0i4l0rylJaec£ JVIeafiires 

f 

VL Tbe 9(ais nmy b? represented ia 
this PrQJf^ioii, by Knowiijg their Lon- 
gjitude and Latitode^aft^er the fdine man^ 
ncr thaf; chey were in the Equipo^l 
Projefliiafl* having givw their Righ^ atf- 

fs^ff^ and DHlmmmp ;^ 

• « • » ■ ^ 

The Troje^im of the Sph&'e 
upon the 'Phun of the SalfH* 
tial Colwre. The role het^ 
elevated 5i». 30'. ahovethe 

Horizon, 

\ ■ 

Draw the Circle HB O Q repwfen- 
ting the Primitive Circle or S^ltknl 
Colur?, and the Diameter HO rVfM* 
. fenting the Horizon.^ieC<^theCh43^4>f 
f !*• ;o^ from O to P, which will' give 
the Polar Point^and draw the Diameter 
P/>> reprefcnting the Hour-circle of 6. 
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I. The EiqiliQOdial m9f be irepi^e^n- 
ted by diawi9g the Diasiieter EQ. at 
ri^fi Aogks to the Diameter P p, 

it ^t oflfzs*' 3o^ ilroiii the Chord$ 
from E to S and from Q.to VS and draw 
the Diameter £5VS| which will repre- 
fent the E^plipticlL 

III The Tropicks of CmMt and C/9- 
fnmnxsiVj be drawn thus ; etch of thefe 
C&'cles being x^"", ;o' dUtant fitMn th? 
Equinodial, muft be 66"^. diftant from 
their relpedive Poles ; Therefore take 
tl^ Secant of tf 6**. ;o^ and ftt it both 
ways from the Center A in P^ produ-r 
wd^ (for Pf will be the Line of Mea- 
fures for au Pftrallds of Declination) 
which win give the two Points t f , the 
Centers of the two Cirdes^by Vr^f^ %• and 
their Radii will be the Tangents of the 
fame 66*. }0^ by the &me Propofition. 

IV. Tht Polar Circles, as likewife all 
otlier Parallels of Declination, may be 
drawn s&cr the ikme way by Vnff. ^ 

G 4 V. The 
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V. The line of Mcaftres for the Ad- 
muth* will be HO, and they may be 
drawn by Tm. 4. And the Line of 
Meafuresfor the Almacanters will be BC, 
a^ they may be drawn \xf Prtf. 5. 

VL S VS or the Ecliptick will be the 
Line of Meafures for the Circles of l^on- 
gitixle; and they may be drawn by Prop. 
4* And the Line of Meafnres ror the 
Circles of Latitude will be nS, and they 
may be drawn by Prop. 5, 

yil. N. B. The Ecliptick may be deri- 
ded into its proper Signs in this 
Projefldon, by fetting ofTthe Tan- 
gents of 15^. no\ 45*. from A 
both ways to O and ^, from A to 
xc and c^^ &€. and to thofe Divi- 
iions placing their proper figns,- 
b^inning at the Center, where 
mnft be placed T and ^^ for the 
Eye being at the Interfeftion of 
the Equinodial and Edipticki the 
two Pomts of ijTrMi and IJhamVL 
\» proi^ed into the Center* 

Thcfe 
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- Thcfearethe Projeftions which ate 
of greateft Ufe, and tho* there may be 
a great many mdre upon the Plains of o« 
ther great Circles, yet if the Reader 
thorowly underftand thefe,he cannot be 
at a lofs hovir to projeS: th^ Sphere up- 
on the Plain of any great Circle, which 
he (hall ever bare pccafion for; now % 
fhaU proceed to the StereOgr^phick Fro- 
blems^in which I Iball fhow bow to mea* 
fure any Ark or any Angle of any Circle 
projected, c^c. 

Stereografhick PrMems. 

The Degrees of any ObliqueCirde up- 
on the Sphere, are al) equal to one ano- 
ther*9 but the Reprefentations of thole 
Degrees in the Plain of the Projeftion, 
are very tinequal, as is evident from Ftg. 
fag.^o.AeGfh the Reprefentation of an 
oblique Circle upon the Sphere, one 
half of which is projeded into A« G 
and the other into G f A ^ but thefe two 
are very unequal to one another, nor arc 
the Degrees in each of thefe equal a- 
monglt tbemfelvis^ fo that in the firfl: 

place 



place I Audi ihonr Iiovr' to divide the Re< 
pFdentatioa of any obUqne Cirde into 
its proper Degrees ; ia orlertodo whicb 
I premife this Lmmt. 

L E M M A III. 

tf tbro^ the remoteftPoUs eftmefitl 
CirtUi in tht Sfherei mj other Cir- 

\ek be J^awit, it mil cut off ipd 
Portions from the Perif herns t^tbe 
two equd Circles gjmen, 

Tbole^rcles j« ikut Sj^Aere vlhidi m 




fqual are e|t^ great Gircles^all Iriuch 

are 
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are equal) or leiler ones, and one ai^ 
the fame Demonftration wouM ferve for 
aU ^ but to avoid Confufiouj^ I ihall firft 
JD^mooftrate the Lfmma true of gtest 
Circles, and then a^-part Ihow the truth 
of itinleH^rones. 
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I L Let A be. the upper Pole of tfal^ 
great Grcle GOE, and B the lower 
Pole of the great Circle F DG^ and thro* 
;thefe tworetpoteftPole; of the two great 
Cii:(:ies, the uppfr A, and the under a; 
let any Circle lye drawuas AHKB i I f^ 
tliat this Qrcle cuts of equal PortiojB 
of the Circles CD E and FDG, i.e. 
GKisequalto FHj and DH equal to 
DKi finceA is the Pole of the Grcle 
ODE, theArk&ACand AK will be 
equal to one another by the DegniiiOE 
OR a Pole. And tibe Arks A F C and 
PCB are %l^ equal, being Quadrants 
of the lame Circlej as are likewilethe 
Chords AC and BF which fubtend thoie 
Quadrants ; wherefore AK and B H (be- 
ing equal to the Lines AG and BF) 
wiU be equalf iud alfo the Arks they 
fubtend A K and B H will be equal too; 
Therefore if from the Arks, A C and 

BF 
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ftp be taken the Ark C F, which is com- 
mon to both,thcre will remain A F equal 
to BC,and confequently,the Angles BAG 
and A B F wiH beeqaal, and the Subtenfe 
LA eqnal to theSnbtenfe LB. In like 
manner^ if from the equal Arks AHK and 
B K H, be taken the Ark KH common to 
ixfthi there' wifl remain the Atk AH equal 
t^theArkBkj wherefoife the Angles 
B A H and B AK, and likewife the Siib- 
tvnfes of thofe Arks AN aad N B will 
Jbe feverally equal ^ Therefore in the 
Triangles li AN and l/B N, fince the 
Sides A L' sind A N/ aire >^Dal to 1^ 
£des BL and BN, and* the fide LTi 
common to both^ the triangles wift be 
iimilar^ and the Angle L AN equal to 
the Angle LBN. Again^ihflie Triangles 
CAK atidPBH^ becanft the fides A C 
and A K are equal to thcT fides B F and 
B H, and the Angle GAR 'equal ta the 
Angle F B H, (as was pw)vea from the 
&milarity of the Triangles LAN and 
LB N) the Triangles will' be equal, and 
the Side G K equal to the Side F H. But 
in equal Circles equal CiK>rds Subtend 
equal Arks, therefore i tife Ark GK is 
equal to the Ark F H, and if from the 

equsJ 
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cqaal Arks DC and DF be taken, the 
equal Arks C K and FH, there will re- 
main D H equal to DK. Q. E. D* 

II. As to leffer Circles vrhich are er 
qual, the Demonftration will be much 
the fame. For becaufe they are equal 
they will be equally diftant from the 
Center of the Sphere, and confequent- 
ly equally diftant from their remoteft 
Poles, for the Center of a great Circle 
b the middle Point between the Poles 
of that Circle; Wherefore all the right 
lines which can be drawn from the Pole» 
of thofe Circles to their Peripheries 
win be equal, as in the tfi Part A C 
and AK were equal to BF and BH^ 
andwou'd be ftill fo, tbo' the Circles 
C D E and F D G were lefler Circles, in 
cafe they were but equal : And fince the 
Angle C A K in lefler Circles as well as 
greater is equal to F B H, the Bafes C K 
and FH will be equal here alio ; and con* 
fequently, the Arks C K and F H which 
they fubtend, will be equal alfo^ which 
was to beihown. 
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C O R O L. 

From vrheace it is evident. That if 
A F and AH be produced until they meet 
the Flam, in which the Qrcle C D £ 
and V T D the Projedion of the Cirde 
F D G are defcribed in the Points V and 
T, S K produced will Ukewife fall upon 
T i for lince A H and S K arein theikme 
plain J wz^. the Plain of the Circle 
A H K B, and are not parallel to oxte a-* 
nother, they muft^ if produced, of ne» 
ceflfity meet* But S K is in the &me 
Plain with T and V, and the Projedion 
of the oblique Circle FDG 3 fw I fuppofe 
V and T to be in the Plain of the Circle 
C D E ; therefore S K being produced, 
will meet A H there where A H meets 
the Plain of the Circle C D E, that is, 
inT. 
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• • • 

P R O B. I. 

Tq divide the Refre/mtatum cf 4 
grm oUiqueCinU intojts frafer 
Degrees. 

Let A B DC be the Piimitirej and 
LG the Line of Meafores ) let B C be 




R P 



the Diameter of an oblique Circle, ytoi 
duced by the Interfedion of a Plain at 
right Angles to the Primitive^ and the 
omique Circle , with the laid obliqne 
Circle, as L G is the Interfedioa of the 
fame Plain with the Primitive^ let the 
Eye be placed at A^ proje^g the Dia- 
meter 



meter BQ whole Reprefentation wiQ 
be£F, and coniequcatly the Reprefen^ 
tation of the oblique Circle BC will he 
E D F i N and S the Poles of the obliqne 
Circle B G, will be projeded into the 
Points H and K : This being premi&d^ 
if from H the projfeded Pole of the ob- 
lique Cirde B C9 be di^wn any number 
of right Lines to the Divifions of the 
Primitive, and produced if occafion be 
until they meet the oblique Projeftion 
D F 5 I lay, they will divide the Pro- 
jedion into its proper Degrees : For in- 
fiance, if the Semi-circle G D L be di- 
vided into Q., D and I, and tbro* the 
Points Q., D and I, and from the point 
H be drawn the Lines H Q, H D and 
H I, meeting the Projedion in O, Dand 
P, 1 fay,that F P is the Reprefentation of 
the lame number of Degrees that L I con- 
tains, £ O the Reprefentation of lb many 
as G d contains Jb P the Reprefentatbn 
of lb many as D I contains, and D O 
the Reprefentation of lo many as D Q. 
contains ; which I thus prove ; all Cir- 
cle which pafs thro' the remoteft Poles 
of tw6 great Circles, do eqoaUy divide 
thofe Circles, or cut oflf equal Fordons 

from 
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irom them both^ hf Lefpma j. 'thh 
therefore I ihuft prove to be true here ; 
B C and L G arc the Diameters of two 
great Circles, one of which, o/fc. LG 
is direftly oppofed, and the other BG 
obliquely oppo(ed to the Eye at A i A 
is the upper Pole of L G , and N 
the under Pole of BC ; therefore all 
Circles of the Sphere which pafs thr6' 
A and N, do cut off equal Portions front 
the Circles B C and L G : If therefore 
all thele Circles be extended into one 
and the fame Plain, or, which is all one, 
projeded Into the fame Plain, the fame 
thing will happen in the Projedions, 
which happened in the Circles before 
they were projefted ^ for the Circle L G 
will be produced into the Circle ALDG, 
and the oblique Circle B C will become 
the Circle E D F, and all thofe Circles 
which pafs thro' the remoteft PolesA and 
N, and cut off equal Portions from the 
two Circles B C and L G, will be pro- 
jeded into right Lines interfering one 
another in H the Reprcfentation of the 
two Poles A and N : Therefore what 
was (hoVirn Orthographically in the Um^ 
m0^ is here reprefented Stereograph!- 

H cally i 
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cally ; for here tbe Circle ALD G i$ 
th^ iame with tbe Circle CDE in th( 
htmmsy being there oblique to tbe Eye, 
but here dired* Again, the Circk 
£DF here is the fame with the Cirtle 
RDT V in the Umnui^ both of them 
I>rojeded from an oblique Politioa of 
the Eye. Laftly, H here is the projea- 
ed Pole of the oblique Circle B Q as 
there S is the px>jected Pole of the Cir- 
cleFDG; and here the Lme HIP, as 
in the Umms S K Ti repre&nts the Pio- 
jection of any one of thofe Circles wMch 
pafs thro' th^ remotelt Poles of the Cir- 
cles propofed : Wherefore, as in the 
Lmmki^ S T cuttiiig theCirde C D E ia 
K^ does in like manner cut R D Vin T j 
fo her< HP cues tbe Circle ALDG in 
I, and the oMique Projection ED F in 
P ; therefore, llnce in the Lmmm the 
Ark CKis equal to theArkF H, aiKi 
V T is the Projeaion of F H, it is evi- 
dent, that the Projection D V T is fo cut 
in T as D H F tsinH i fo that here if H 
be the Pole of the oblique Circle^ 'tis 
manifeft^ that right lines drawa from 
H thro' any ntraber of D^rees of the 
eirde A L D G, will, ^ii^ produced, 

if 
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if occafion be, cut off in the Projection 
the Reprcifciitation pf a» equal number 
of Degrees \ which was to be (hown. 

C O R O L L. 

Hence we have an eafie way by the 
Jielp of a Sector, of dividjc^ jth« Re- 
pref^ntatipn of any oblique Urcl^ intp 
Its proper Degrees •, fuppofe it were re* 
quir'd to find the number of Degrees 
which OD reprefent, (SeeFtg. Trob. i.) 
firftfind Hthe projected Internal Pole of 
the oblique Circle, which I ftall ftow how 
to do in ?roh. ^. and then from H, thro' 
the two Points D and O, draw the two 
lines HD and HO produced until it 
meet the Primitive in Q.; ^pply D Q. to 
the Chords, and it wiU give the nmnber 
of Degrees which D O reprefents ; and 
L I apply'd to the Chords iet to the 
Radius of^ the Primitive , will give the 
number of Degrees which F P repre- 
ientSy &c. 
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P RO B. II. 

r# Mvide the Refrejenttahn of a 
lejfer dlitfae Circle into its frofer 
Degrees, 

Let ABCD reprefent the Primitive 
whofe Center is E, and let 1 /K be the 




Reprelentation of alefler Grde as FG, 
oblique with refped to the Eye at A ; 
its true Pole 2 is projefted into the 
tide of Meafures B E D at H, and its 

true 
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true Center O projefted into the Line of 
Meaiures at L ; take £ P eqiial to E O, 
ajid draw M N parallel to B D, which 
will be as fair diftant from the Center E 
as F G is i then projeft the Diameter 
M N into Q.E R j then with E Q, or 
E R, and from the Center E, defcribethe 
Circle QLV R \ divide the Circle iaft de- 
fcribed into any number of eqiial Parts^ 
fuppofe in the Points Y, X, V, T, S j 
and from the Pole H to the Points 
Y, X, T, V, S draw the Lines H S, H T, 
H V, H X, H Y, which Lines will di- 
vide the Circle I /K into its proper 
Degrees, ue.Kr fliallbe the Reprefen- 
tation of as many Degrees as R Y con- 
tains, &c. The Demonftration of this 
will be eafily deduced from the Umma \ 
for the Circle A Z cuts off equal Portions 
frojn the Circles M N and F G^ but thefe 
Circles being produced or proje^ed into 
the drcles I K ^nd Q. V R, the Grcles 
paffing thro* the two remotefl: Poles A 
and Z will be projefted into right Lines, 
as SH, TH, VH, &c. ftill cutting off 
equal Arks as before. Q. E. D. 

H 3 C 0^ 
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C O R O L L. 

tf eace we have a pradical Method|by 
the help df 1 geaor,of dividing into its 
proper Degrees anv lefler obliaue tTircIe 
propbfed^ Suppoie the leflbr Circle te 
46*. dift^l from its Fole^ here t have 
nothing to do btit to find a Circle that 
ftatt be equal to it, and parallel to the 
f timitite^ Whith may be done by taking 
th« Semittogent of its Diftance froia 
}t» remcteft POle« vfj^ the Semitangeiit 
of 140*. or the Tangent of 70*. ami 
therewith from the Center of the Primi- 
tive defer ibitig a Circle, for this will be 
the kepf ei^ntatiod of a Circle equal to 
the Circle to be divided \ and conie- 

?dently Uties drawn from the Pole H 
iArbich \ ihall fhow how to find in the 
fie3tt Prokkni) to aiiy humbet of Degrees 
!n the Circle a V R, will in li]^e man- 
nef ^vide the Circle 1 BL 



PR OB. 
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P R O B. in. 

To jink the PoU of djy Circle in the 

PrtjeSum. 

I 

Here wUl be fix Cafes ; three with re^ 
fpecc to the greater Gircks^ and three 
with relpect to the lefier ones 5 and 

L The Pole of a great Circle direct 
to the Eye will be its Geatcr \ for the 




Eve if it bedirect, iit»ft be ia its Axih 

H 4 an4 
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and confequently its two Poles will be 
projected into theCentert 

II, The Pole of a right Circle may be 
found by fetting of 9o<>. from one of its 
cxtream Points, thus; fuppofe the right 
Circle be A C, 90*. (See Uft Ftg.) taken 
from the Chords and ftt from A to B 
(the Sector being fitted to the Circle 
A B C D) will give B its Pole 5 for A C 
being a right Circle, the Circle A B C D 
will be perpendicular to it 5 and confe- 
quently {by Umms 2.) will pais thro' 
its Poles, and from the Definition of 
a Pole, B and D will be the Poles re- 
quired. 

IIL The Pole of an oblique Circle may 
be found after this manner -, Let the obh- 
lique Circle be D F B (^fe the U^ Ftg.) 
whofe Pole it is required to find^imagin 
the Eye to be placed at D, and then 
thro* F that Point where D F B cuts the 
Line of Meafures A C, draw the Line 
D G, and then thro' G and the Center E, 
draw the Line GEHj which will be a 
Pi^meter of that oblique Circle upon 
^he Sphere, of whi^h PFBM is th« 

Proi 
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Projection, and will likewUe be that ^ 
Diameter in which the Plain of a great 
Circle, as ABC D, at right iAngles to . \ 
the primitive and oblique Circle,cut$ th^ 
oblique Circle; wherefore the Circle* 
ABC D will pafs thro' its Poles, which 
jaay be found by fetting 90^ . from G to 
I and from G to K, for the two Points 
I and K will be its Poles, the firft of 
which will be found in the Line of Mea* 
fures A Cat L, and the Projection of ; 

the other Pole K, will be that Point \ 

wherea Line drawn thro^ D and K meets 
A C produced* 

The three other Cafes concerning let 
fer Circles^ ^re the l^me with the tlnree 
former Cafes j for 

I. The projected Pole of a leflfer Cir- 
cle direa to the Eye, is the iame with 
that of a greater Circle direct to the 
{iye, 191^ its Center, 

II. The Pole of a lefler Circle that is 
right to the Eye, is the fame with the 
Pole of a great Circle to which it is Pa- 
rallel,, an^^onfequently, will be projeQ- 

cd 
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ed iitto the fame Point : Or it may be 
better done thiis^ fiipTOie B O (Fit. f^- 
1 oi*) a leiler Circle, direft to the Bye at 
B, ereft K E I at right Angles tothe Di« 
ameter B O, and the two, Pomts K and I 
will be its two Poles, and then joy n B K, 
and pitxlnce B Ij and the two Points 
where thofe two Lines meet the Line of 
Meafures A C, will be the two projeded 
Poles. 

III. The projeded Pole of a lefler ob- 
liqae Girctej is the lame with that of a 
greater oblique Circle to which it is Pa« 

raUeL 

P R O B. IV. 

To defer ibe a Sfhericd Angle ef sof 
number (f Degrees. 

Before I proceed to the Soludonof this 
Trok it will be neceffiry to premifc this 
Definition. 

IL A Sphiricat MgU is the Inclination 
of two great Circles tpon the Sphere 
meeting ina Pcant, and whoife Meainro 

is 
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between the tM^o Atk^ which eciimttice 
the Angle %% 90^ difttncefrom the An« 
gi^ Point. 

There will be thifee Cafes of this Pfiik 
for the Angular Point may dther beat 
the Center of the Primitive, it the Pe^ 
ri|>faery of the Primitive^ or fomewhere 
wicbintbePriiaicive: And 

L An Angle of any nnmber of De^ 
grees, when the Angukr Point is at the 
Center of the Primitive, wiU be de^^ 
lo'ibed by taking the nnmber of Degree^i 
required ki yoor Gompafl^S and ^ting 
itcrfT in the periphery of the Primitive^ 
and from the Gmter drawing two Ra« 
dii to the Points found \ for thofe two 
lUidii are the Repreftntations of two 
quadrantal Arks of two right Qrcles^ 
and confeqnently, the Meafnre of the 
At^ they make, will be the nnmber of 
Degrees they intercept in the Limh| 
whkh is 90* diftik&t from tht^ Angular 
Polac. 

\\ If 
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IL If the Angular Point be at B a Point 
ia the Periphery of the Primitive, and it 
were reqmmi to draw an Angle of 37"", 
thro*B(S^ Fig.Vofre io3.)and the Center 
dnwr the Diameter B E Dj which crofi 
at ri^t Allies with the Diameter AEC $ 
tjhe E^aoietfr A EC produced, it occafi- 
oa \)c, will be thel^ine of Meafure^^ with 
i^gard to the Circle, which will make 
the ^ven Angle with the Primitive ^ 
and coniequently its Center willbe fbme- 
where in tibis Line, and may be fomi 
thus i take the Secant of 37* and fet it 
from B to K, from which, and with the 
Eadius BN, defcribe the Circle BFD, 
ai^ the Angle A B F will be the Angle 
requird, viz,, an Angle of 37*, as is e- 
vident from the firft Prpp, 

K B* If the Angle given inftead of 
37** had been an Angle of 143*', 
yet you mult ftill proceed after the 
jame manner, by taking the Secant 
ot 37** , the Supi^ment of the 
Anglegiven, and therewith finding 
the Center as before, and defcribing 
the Circle, and the Angle F B C 
will be the Angle required, viz,, an 
Angleof I4}^ III. If 
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III. If the Angular Point be iny 
y^hert within the Primitive but not at 
the Center^ here will be two Varieties 
of this third Cafe j for the Angle re- 
quired to be made, may either be made 
by two oblique Circles, or by one ob- 
lique and one right One. 

I ^ If it be required to make ian Angle 
of JO* by two oblique Circles, whole 
Angular Point (hall be at P (fee the Ho- 
rizontal Projeftion) thro* P the Point gi- 
ven and the Center Z, draw the Diame- 
ter N P2 S, which crofs at right Angles 
with the Diameter W Z E ; then ha- 
ving the three Points W, P and E, it 
will be eaiie to find K the Center of an 
oblique Circle, which fhall pals thro* diofe 
thriee Points W, P and E: Ereft D B at 
right Angles to P K, and Tet off the Tan- 
gent of 30"^ from K to S, and with the 
Radius S P defcribe the Circle P H, and 
the Angle W P H will be the Angle re- 
quired, made by two oblique Circles, 
and an Angle of 30'', as is evident from 
n. 5 of the Horizontal Projedion. 

2. If 



r no; 

2. If ii were requited io de&nhe an 
Angie of ^o^)One<» wM l4|^ fl^U he 
the ArK of aa oblige Circle, and tlie 
otber da Ark x)f a ngbt Oq«, the Coof- 
ftru^OA w911)etfaeiapie tshefore; Miy 
infteadof the Tangent of the A«g)c fe^- 
quired^ its you mm fet the Tv^SPKt ^ 
Complement, viz». %o^^ from K to S, 
and then with the iUdW S P deforibe 
the Cirde PH i Md theA^leHPS 
wiQ be the Angle required^ f«fuM An- 
gle made by the Arfc of a HghtCirde 
and an obUqne One, and an Angte of 
($Q*, as yon witt peiceiv^ firosi iy« s.rf 



F R O B. V. 

To defer ibe the KeprefenfAtkm of 4 

ffreas Circle fe^n^ thr^ fwp gw$n 
foint$^ 

lytm tbeCirde ABED rqpreftoO 
ingtbe PrnnitiiRe, and let the Points be 
nand^tatenatPle^nre} thpt/anyoae 
of them as m and the Omter C» ^w 
the Diameter BCDt which crols at 

right 
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right An^ with the Diameter ACE; 
coBneGt t& giveg FcHAt a with the Ex* 




tcemityof theotfaar Diameter^ md on 
the fiuue fide the Diameter BD tbit the 
Point b is, i. e. draw the prickt lideii A > 
and to the Point A at right Angles to 
A, draw the mickt line A F^ which 
will iaterfed B D produced in the Point 
F : By this means you will gain a third 
Point as F, thro* which the Circle mull: 
pafs ; but having three Points thro' 
which a Circle mufl: pafs^ it is eafie 
from the Elements to delcribe the Circle^ 
as G P H^, which I thusprore to be the 

Reprc. 



^ I 



(in) 

Rdprefentatibn of a great Qrcle : iTothcf 
two Points G and H where tbefe two 
Circles, wz^ the primitive and the ob- 
lique Reprefentation, interfeft one ano- 
ther, draw the prickt Line G H ; G C 
X H C is equal to ^C x C F (^ 38. e. 3.) 
which is equal to A Cf (Jhj Car. 8. €.6.) 
therefore G C x CH is equal to A (i Hy 
and confequently G H paflcs thro' C the 
Center of the Primitive ; wherefore 
4 G F H is the Reprefentation of a great 
Circle. Q. E. D. 

P R O B. VL 

To draw the Refrefentation of oneCir-^ 
cleferfenJ^eular to another^ andprfi 
to dratp one great Circle perfendicuUr 
to another great Circle. 

Let it pafs thro* its Poles and 'tis 
done. 

Here will be four Cafes. 

I. The Reprefentation of a Cirtl6 per- 
pendicular to the Primitive will be any 
one of its Diameters, for all of them 

reprefent 



reprcfcnt right Circles |)afnng thro' both 
its Poles, which are both jitojeaed into 
the Center, 

II ThcReprefentation of a Circle pcr- 
pendfcular to a right One tnay bedrawn 
by finding the Poles of that right Cir- 
cle, and drawing a Diameter connefting 
the two Poles, which will be the Circle 
required : For inftance, ACE (JSee Bg. 
Pag. 1 1 5.) being the Reprefentation of a 
right Circle, and B and D its Poles, 
by Vrob. 3. B C D will reprefent a right 
Circle perpendicular to A C Ei^ 

III The Reprefentation of a Circle 
perpendicular to a right Circle may be 
drawn thus-, firlt find the Poles of the 
right Circle by Trob. 3. then draw a great 
Circle thro' the two Poles found and 'tis 
done, by Lemma 1, for inftance, the 
oblique Circle DEB is at right Angles 
to the right Circle ACE. (See Fig. Pag. 
115. 

IV. To draw the Reprefentation of 
an oblique Circle perpendicular to ano- 
ther oblique Circle j fuppofe W(iE be 

I the 
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the oblique Circle, to which it is re- 
quired to draw an oblique Circle that is 
perpendicular ; firft find the Pole P of 
the oblique Circle W dE, and then thro' 
P and the two Points W and E draw the 
oblique Circle W P E, which will be the 
Reprefentation of a great Circle of the 
Sphere, and will be perpendicular to the 
Former Lemm^* 

The fecond Part of this Problem, mz. 
the Drawing of a leller Circle perpendi- 
cular to a greater, cannot fo eafily be 
folved, until we have (hown (which we 
fhall do in Proh. 9.) how to draw one 
Circle parallel to another^ and then it 
may be eafily done ; for if any great Cir- 
cle whatfoever, whether Dire£i,Right or 
Oblique, were given, and it were requir- 
ed to draw a leffer Circle perpendicular 
to it, 'tis but drawing a great Circle per- 
pendicular to the great Circle given, 
which may be done by the former Part 
of this Prob. and then a lefler Qrcle par- 
allel to fuch a greater Chrcle, and the 
thing is done. 
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P R B. Vti. 

To mdfitre the f^tntity of afty Atk of. 
A gnat Circle i» the PtojeSio/t, 

. Here are tbree Cafes. 

I. AnArkof adireO: Qrde, fnppole 
B K, of the dired Circle ABED, will 




be meafured by fitting the Se£fcor to the 
Circle A B E Dj aad then applying B K 
to the Line of Chords, which will give 
the Meafwre of the Ark B K. 

la II. The 
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II. The Portion of a right Circle, as 

F C (,See the foregoing F/>.) of the right 

Circle A F C E , may be ineafurcd by 
taking F C in your Compafles, and ap- 
plying it to the Scale of Half-Tangents^ 
for that will give the number of Degrees 
which that Portion reprefents. The 
fame thing may be done another way, 
thus -9 find B the Pole of the right Circle 
AFCE, and then thro' the two Points 
F and C draw the two Lines B F H and 
BCD, and H D apply'd to the Line of 
Chords, will give the number of Degrees 
which FC reprefents: The Reafbn of 
both thefe Solutions is deducible from 
Prop. I . This latter Method is more con- 
venient in fome Cafes* 

III. The third Part of this Troh.yix^ 
the Meafuring any Ark of an oblique 
Circle, is folved in the Corollary of the 
firft Vroh* which fee. 
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P R O B. VIIL 

To meafure any Spherical Angle. 

Here are three Cafes. 

I. If the Angular Point be at the Cen- 
ter of the Primitive, as the Angle BCK, 
{Stt the fwegoing JFijf .) this Angle may 
bemeafured by applying BK (the Ark 
intercepted between the Legs of the 
Angle) to the Line of Chords, which 
will give the Meafure of the Angle. 

II. If the Angular Point be at the Pe- 
riphery of the Primitive, (5f e Ftg in the 
follcwingPag.) as in the Angle ABP, thro' 
the Angular Point B and the Center C 
draw the Diameter B C D,which crofs at 
right Angles with the Diameter ACE^and 
then A P apply'd to the Scale of Half- 
Tangents backwards from pQ^'^will give 
the Meafure of the Angle, or apply'd to 
the Tangents backwards fropi 45''', dou- 
bling the number of Degrees will do the 
fime thing. But if inftead of ABP^t were 
irequired to meafure the Angle P B C,C P 

I 3 ap. 
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ipply*d to the Half-Tangents according 




» 



to their natural Order, will give the Mea* 
ftre of the Angle^ or apply'd to the Tan- 
gents doubling the number of Degrees. 
This is evident from Trop i . and JP^. 2. 



There is another way of Meafuring a 
Spherical Angle firorn the FoJes of thofe 
two Arks which fon» the Angle, thus } 
In the Angle A B P, having found C and 
f the Poles of the two Circles BAD 
and BP D» thro» the Angular Point B 
and the two Poles C and f^ draw the 
two Lines BCD an^ BPO^ 4«d then 

OD 
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O D apply'd to the Chords, will give 
the Quantity of the Angle A B P. ' 

III. If the Angular Point be any 
where within the Periphery of the Pri- 
mitive, ftppofe at P, and it were requir- 
ed to meafure B PK ; Thro* the Angu- 
lar Pomt P, and C the Center of the 
Primitive, draw the Diameter ACE, 
and find the Centers of the two Arks B P 
and K P, which ttt be f and w, (See lafi 
J%.) and defcribe the two Circles EPGI 
and PFIH,andthro' their Centers 9 and» 
di?aw E ^ G H, which will be normal to 
P EI by». 5.of the Horizontal Proje- 
aion i therefore eonfidering E P G I as 
the Primitive, and I F P H as an oblique 
Circle, the Angular Point P will be in 
the Periphery of the Primitive, and con-* 
fequently the Angle BPK as likewife 
F P f may be meafured by the laft Cafe. 

This may be done aiiother way by 
finding the Poles of B P and K P, tfi^ 
f and Wy in their proper Diameters A % 
and mn^ and then laying a Ruler thro' 
the Angular Point P, and the two Poles 
f and m-i cutting the Prin^itive in the 

I 4 Points 
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Points E and S i for E S apply'd to the 
Chords, will give the Meafure of the 
Angle. 

P R O B. IX. 

To Arm a Pat del Circle. 

Here are three Cafes. 

T. If it be to be drawn Parallel to the 
Primitive, and at any given Diftance 
from it ;* take the Half-Tangent of the 
Complement of its Diftance from the 
Primitive, and therewith from the Cen- 
ter of the Primitive defcribe a Circle, 
which (hall be the Circle required. 

II. If it be tobe drawn parallel to a right 
Circle, and at any given Diftance from 
it ^ fbppofe it were required to draw a 
Circle parallel to B E at 30"* Diftance 
from it, fet off the Chord of 30® from 
B to a^ and from E to e, and then with 
the Tangent of the Complement of its 
Diftance from the right Circle giiven, 
viz>. 60"*, placing the Compafles in 4 
and f , ftrike two eroding Arks at F, and 
with the Diftance F dwribc the Circle 

4t 
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»he^ which will be the Circle required,^ 

by Prsp. y. 

III. If it be to be drawn Parallel to 
an obliqae Circle^ and at any given Di- 
ftance from it^ let the great oblique 
Circle be BHE (See the lafi Fig.) and 
let the parallel Circle to be drawn be 
f 0"* diftant from it ; firit find P the Pole 
of the oblique Circle by ?rob. 3. and mea- 
fure C^ on the Half-Tangents, and you 
will find it zV ^ which fubtraa: from /^o^'j 

the 
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the Complement of the given Difhncei 
and th^e will remain i6^, the Half- 
Tangent whereof fct from C to o^ will 
give one Extremity of its projeded Di- 
ameter, and the Semitangent of 40"" 
(et from c to m^ will give the other ^ 
and the Diftance # i» being bifleded, the 
Circle o^u may be defcribed i which is 
the Circle required, as is evident from 
the foregoing Projeftion. Another Me- 
thod of doin^the fame thing may be ea- 
lily deduced from Prop. 6 and 7. 

P R O B. IX. 

To Meafure any frojeSted Ark of Var- 

aUel CircU. 

I. If the Circle be parallel to the Pri- 
mitive, then a Ruler laid thro* the Cen- 
ter and the ESvifions in the Limb, will 
divide the Paralfels into the fame Dc* 
grees,or determm in the Limb theQuan- 
of any ArkparaHtl to it 

IL If the Circle be parallel to a 
right one, z% abe is to the right Circle 
gf), and it were required to meafure a- 
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ny part of it, or divide it into its pro. 
per Degrees, this will be done by Cor^ 
Vrob. 2. which you may confuit. 

IIL If the Circle be paralld to aa 
oblique one, any Ark of it may lib^. 
wife be meafured by Cw. Prob. z. 




W^mmmmmmmm^mammmBi I 



( '24; 



Spherick Trigommetry. 



Part. III. 



DEFINITIONS. 

L A Spberick Angle is the mutual 
/JL Aperture or Inclination of 
X JL the Arks of two ff^tat Cir- 
cles of the Sphere meeting m a Point, 
and is the fame with the Inclination of 
the Plains of thofe Circles which confti- 
tute the Angle. 

II. A Sfberiek Triangle is a Portion of 
the Surface of a Spmre, included be- 
tween the Arks of three great Qrcles 
of the Sphere. 

III. The 
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in. The Qaantity of a Spherical An- 
gle is eftimated or meafured by an Ark 
of a great Circle intercepted between 
the two Arks which conftitutethe Angle, 
at 90" diftance from the Angular Point 

Properties of SfherkiUTriMgUs, 

I. When one great Circle falls upon 
another great Circle, the Sum of the 
Contiguous Angles is equal to two right 
ones ; becaufe their Meafure is a Semi- 
circle. 

IL When one great Circle crofles ano- 
ther» the Vertical Angles made thereby 
are mutually equal, as being meafured by 
equal Arks. 

III. The greater Angle is always fub^ 
tended by, or oppofed to, the greater 
Ark or Side. 

IV. An Ifofcelcs Triangle has its two 
Angles at the Bafe equal to one another ; 
and on the contrary, if a Triangle has 
two Angles equal, the fubtcnding Sides 
or Arks will bealfo equal. 

V. Two 
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V. Two Triangle mutoaTIy Eqtiikte- 
ral are alio nratnauy Equiangular to one 
another. 

VI. If in two Triangles one Angle 
and the two including Sides be refpe- 
dively equal ; or if one Side and the An- 
gles adjacent be feveraBy equal, then 
the two Triangles are equal; fiwr if laid 
upon one another, they will pcrfeai/ 
concur or cover one another. 

VII. Two Sides of a Spherical Tiian- 
le are always greater than the third 5 

_ jr the Ark of a great Circle is the near- 
eft Diftance between two Points on the 
Surfece of a Sphere, as a ftreight Line 
is betwixt two Points in a Plain. 

Theft feven Properties are common to 
plain Triangles, and have a like De- 
monftration. 



PROP. 
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P R O P. L 

M great Circles of the Sphere cut om 
AMtber into two eqtiAt Parts. 



DEMONSTRATION. 

The Plains of aU great Orclcs upon 
the Sphere pafs thrcf the Center, and 
confequentlyjthe common Interfeaion of 
any two great Circles will be a Diameter 
common to both the interfeding Qrcles 
but a Diameter (from Geometry) bif- 
reas the Circle or Circles to which it 
S^ a e"^^^**^* an great Ordcs. 

C O R O L. 

From hence it follows, that every 




Side of a Spherical Triangle is lefs than 

a Semi- 
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aSemi-^Jtcle; for if one Side be i Semi- 
circle as DBC 0« tbeforegoign %.) then 
the Ark of any great Circle asDE, Df, 
orDAt making any Angle with DCi 
will, being prodtxred, interfed D Ciit 
a Diameter's Diftance in Cy and confe« 
fcquently can nerer form a Triangle. 



PROP. II. 

The opfofite Angles M the SeSlions cS 
two great Circles are equdj i. e. The 
JngleUDA^AngUnCA. 

DEMONSTRATION. 

By Dtf. 3. the Ark of a great Circle 
intercepted between H and A, {See the 
la/f F^.)^betwoquadrantal Points of the 
Semi-circles D H C and D A C, will be 
the Meafure of the Angles at D and C, 
and confequently ( the lame Ark being 
the Meafure of two Angles) the Angle 
HDA=AngleHCA. Q;E,D. 



PROP 



( "9 ) 



V V 



PROP. III. 

In My Spherical Trungle dsJO B F , 
(^^Fig.Prop.l.) if the Sum of 
ih(tLegs including any Angle be grea^ 
Ur than aSetni-circle ; that if, ifD^ 
^Bt¥ he greater than DRC^ than 
the intern Angle at the Bafe D is 
greater than the outward oppofite 
Angle B F C> ' and the two Inter ^ 
nd Angles at the Bafe B D F and 
DFB are greater than two L.J. 

DEMONSTRATION. 

D B -f- B F being greater than the 
semicircle D B C, the Side BF is great- 
er than EC, and confequently (by Pro-^ 
fertyi) the Angle BCF= BDF is 
greater than BF C v and BD F 4- DF B 
is greater than the Angles DFB +- BFC ; 
but D F B -f- D F C isequal to two Ls ; 
therefore BDF4-DFBis greater than 
two right Angles. Q- £• D. 

K PROP. 



PROP. IV. 

^ DB f- BF ^ = /iS« Semi ctt- 
tUD^Cftboftbe intern Jbgk 
tt the B4e D it =: tke •mtttri 
ami opfofte JngU BFC; ttdthe 
twointern AngUstt the fUfe &D B 
1- DFB = ftw Ly. 

DEMONSTRATION. 

I>B +• B F being = the Semi circle 
DBC, the Side B F is = BC, andcoo- 
fequentlf (by Vrtfertj 5.) the Angle 
BCA=BDA(by Pfo^. a.)is =BFC; 
and BDF-i-DFB= DFB-!-BFC» 
but DFB •»- BFC is = two Lsj 
wherefore BDF4> DFB is = two 
Ls. Q.E.Dt 



PROP. 
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F K O P. V. 

If pB>hBF ie lefs fheHtheSmi^ 
drck DBC^ thoM ihf'wterH An^, 
gb Of the Bafe Dis lefi tb^n the out^ 
nfard and affofite Angle B FC ; 
4nd the two intern Angles at the 
B4/f BDP+- DV lUre lefs than 
ftnar^ht ones^ ; 

> ♦ 

The Defrioflftf adon proceeds jaftafter 
the iatiQ manaer with the two former^ 
ajict: need not be here ioferted. 

CO ROLL. 

Hence it is plain, that in an Ifolceles 
Triangle if one of the equal Legs b? 
greater, equal, or lefs than a Quadrant, 
the Angle at the Bale is accordingly 
greater, equal, or lefs than a right M' 
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PROP. VI. 

Tie Sam vfthe three Sides tftmj Spbe* 
riedl Tridfigle are lefs than a Circle ; 
thatity DB 4- B F •»- FD isUfs 
yWDBC-t-DFC. 

DEMONSTRATION. 

In the Triaagle B F <5 the Side B F 
is lefs than BC 4- FC (Jlaj Prefer tj/j.) 
and adding D B 4- D E to both Sides 
DB 4- DF 4- BF, the Sum of the 
Sides of the a D B F is lefs than DB C 
•l-DFC Q.E.D. 



1 
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PROP. VIT. 

The Poles of the Sides of atiy Tria99gle 
GHD conflitute Another Triangle 
n X m, tphich we may aJl juffkment al 
to the Triangle GHD \for the Suf^ 
flements of the Angles of the Triangle 
n X m 4rf equal to the Sides of the 
Triangle GHO^ and the Suffle* 
ments of the Sides of the Triangle 
n xm are equal to the Angles of the 
Triangle G H D- 

DEMONSTRATION. 

From the angular Points of the Trian- 
gWGHDas PoleSjdefcribe on the Globe 3 
great Circles ^ that is, finding the Cen^ 
tcr of any ' of the Arks G D, H D or 
G H, and fetting the Sedor to that Ra:- 
dius , defcribe with the Chord of 6o*, 
the great Circles :cAy,RTiw»,*BifZi 
then m being the Pole of G H, j» Y = 
<2padrant ( the Diftance. between the 
Pole of any great Circle, and the Peri« 
phery of that great Grde being always 

K 3 =F 



±= Quadrant) =Ax, x orEkingthe 
Pole of the Ark GDj therefore adding 
M Aon both Sides iw jc = A ^ = Shjk 
bWment of C A, which G A is the Mea« 
&re of the Angle H G D. 

n Being the Pole of H D, lo » =Qsia. 
drant = B;^^ and adding Bn on both 
Sides nx ±zhz,'=rz Supplement of BK^ 
Which is the Meafure of the Angle HD G^ 

m n =T R, /. €. the Dillance between 
the Poles of any two great Circles, is e- 
qual to the Inclination ot thole Circlei. 
jaut n being the Pole of H D> and m the 
Pole of G H ^ mn will be the Diftance 
between the two Poles ^ and the Angle 
D H R is the Inclination of the two 
Circles^ whofe Meafure is T R 5 where- 
fore i«fi=TR, and adding niT on 
on both Sides 1^ R = T $ h\xtm being 
the Pole of GH, i» R = Quadrant j 
therefore T» is a Qpadrant aifo. nm 
being := T R, nm will be emal to the 
JMeafure of the Supplement ot the Angle 
G H D. So that the latter part of the 
Prop6Ct;lon Is proved. That is the Sup- 
plements of the Sides of the Triangle 
^x m t=i Angles of the Triangle G H D* 
. .Hie Truth of the Firft Part may be 
proved thus. The 



The Triangle nEffi conftitiited be- 
tween the three next Poles, hath its three 
Sides equal to the Angles, and its three 
Angles equal to the Sides of the Trian- 
gle G H D ^ lave that the greateft Side 
nm is the Supplement of the Angle H 9 
and the Angle E of the Side G D. 

PROP. VIII. 

Jh)/ Jngkrfd Triaffgle with the Tiiffe" 
fence of the other two^ is lefs thM tipo 
right Anghs^ i. e. G Hh H — - D L 
2 i^s. 
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DEMONSTRATION. 

lu the Triangle xnm^ xn ^xfi$ 
Hh ifiiJ ( by prof, 7,) that .is two lis — 
I) ( « E teing equal to BK ) < two t-s 
— G = E iw +- two Ls — H ( for by 
the laft iw » = Supplement of H ) and 
taking two Right Angles from each Side 
—D L two Ls— G— H, and adding G 
ai^d H on both Sides Q +• H-r- D < 
two Ls Q; E. D. 

PROP. IX. 

If ttvo Triangles are mutually Equian* 
gulary they are mutually Equilaterd. 

DEMONSTRATION. 

Since the two Triangles arc Equian- 
gular by the Hypothelis, their Supple^ 
mental Triangles will be Equilateral 
by the lalt ^ fince the Supplements of the 
Sides of their Supplemental Triangles 
will be refpeftively equal to theAn* 
gles of the two equal Triangles ( See the 
foregoing Fig.)and confequently tbe Sides 
of the SupplementalTriangles willbere- 
Q)e£tively equ al to one another i But the 

Supf 



] 



( 137 ) 
Supplemental Triangles beirig Equilatc- 
ral^ will be Equiangular by the Fifth Pro- 
|)ertyj and being Equiangular, the Sides 
of the two Equiangular Triangles giren, 
will be alfo refpefltively equal, as being 
equal to the Supplements of the two 
Equilateral Supplemental Triangles by 
Vrof, 8. Q. E. D. 

P R O P. X. 

The three Angles of every Sfherick 
Triangle^ are greater than two Right 
ones^ and lefs than fix Right ones* 

DEMONSTRATION. 

By Prop, 6. nx '^ X m-k^ mn^ four 
Ls, (^See the fmgoivg Fig.). That is, 
two Ls — Dh- two Ls — G -H two 
Ls— H > four Ls, or fix Ls — D — 
G — H ^ four Ls. And taking four 
Ls from each Side two Ls — D — G 
H L"* t and adding D, G, H on both 
Sides two Ls < D4- G-h H, orD +• 
G +• H > two Ls, which is the Firft 

Part jof the Pr<!f. 

. II. The 
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.> 0. tlie Sum of the Intamal Angles of 
tny Triao|^e« are lels than the Sim of 
the Internal and External together $ all 
whkb are ( by Pr^* i.) s= fix Ls. E 

CP. 

P R O P. XI. 

Offeverd Arks of great Circles f^fimg 
from tbeftme Pofnf tf the Sfheris 
SttrfMeottMMbirCmU^ thegre*- 
ttp is tha which fujfes tM the Ptle 
tf the Circle, 




DEMONSTRATION. 

Let P be the Pole of the Cirde C # 
D, and « the Pole of the Circle DPC, 

then 
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thenwlnAD( = AP+- DB,orBP) 
1)e > AB > A £ -< A€, and the Ark 
B«C>BP>BIX 

PROP. XII. 

A.fteu Circle f/^^ thri the P(des cf 
Mother great Cirde, cuts it a RhM. 
Afigle s 'f Mttd 4ft the contrtry.^ ^ it 
eias it at R^ht Jfigles, itfafes thro'' 
UsFtdes, 

This is pemonftrated in Lmtns z of 
tibe Spierick Ge&mtfrf ; which See. 

PRO P. XIII. 

If$M oUique-MgledTriMgle^ifthe An^ 
gks At the Bdfe are likej thatis^bqth 
Jcute^ or both Ohufe ; The Perfehdi^ 
euldr let fall from tie Oppofite JifgUf 
faSs tptthin the Triangle , and the, 
Qifadrataal Ark without : But if they 
hewtlike^thePerfendiettlarfattsmith^ 
outy and the f^adrant within. 
' . ■. • . .••'^" 
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For in the Triangle E A F, whofe An- | 
gles at E and F are both Acute, the Per- 
pendicular A C Ms within , and the I 
Qvoidnnt A « withont : AUb in the Tri- 
angle BAG, whofe Angles at B and G 
are Obtufe, the Perpendicular A D falls I 
within, and the Quadrant A 9 without | 

But in the Triangle B A E, whofe An- 
gles at B and £ are of different kinds,the | 
Perpendicular A C falls without, and the 
Quadrant A «- within. 

Bythe^me Figure may the Ambi- { 
guity of Right Angled Triangles be 
folved. 

Solutions of the j^mbiguity of 
Right Jingled ft tangles. 

I. The Legs of the Right Angle are 
of the fame kind with the Oppofite An- 
gles i fo in the Triangle B D A, ( Se$ 
the foregoing Figure J Pag. 138) Right 
Angled at D by Prof. i2. becaufe DA 
is J QjJadrant D P, the Angle D B A is 
J than the Right Angle DBF (by Pro^ 
per. 3.) And in the Triangle BOA, bc- 
caufe A C is L Qiadrant P C, the An- 
gle 
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gle CB A is lefs than the Right Angle 
GBP. 

IL If the Legs, and conlequently the 
Angles (iy tbeFirfi) are of the fanie» 
or of different kind^ the Hypothennfe 
is accordingly lelsor greater than a Qua- 
drant. So in the Triangles DAE and 
EAC,theLegsDAandDEbeinggreater,and 
A C and EC being lefs than a Quadrant^ 
( which is what is meant by being of the 
&mekind) the Hypothennfe A £ is lefs 
than a Quadrant. But in the Triangle 
B D A) whofe Legs D A and D B are of 
difi^rent kind, to wit D A greater, and 
D B lefs than a Quadrant 3 the Hypo- 
thennfe A B is J than the . Quadrant 
DP, 

IIL On the contrary, iftheHypotho- 
nufe be lefs than a Quadrant, or 90* , 
then are the Legs, as alfo the two Ob* 
lique Angles are fimilar, or of the fame 
kind ; but if greater than a Quadrant, 
tlien are the Legs and the two Oblique 
Angles diffimiVar, or of different kinds. 

IV. If 
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IV. If theHypothenufe be Ids or ^:ta« 
ter than 90*, each Leg (hall be fimiliar 
or difiimUar to its Adjaceftt Angle : For 
if the Hypothenuie beleisthanpo''. the 
Legs are fimilar^ or of the iame kind, 
by Solution Second \ 9& alio the Aoglei 
by the Firft \ wherefore each Leg wi& 
1)e fimilar to its Adjacent Angle. But 
if the Hypothenufe be greater than 90**, 
the Legs are diOifflihir ) orofdiffiirefiC 
kind, by the Second \ and the Angles 
being of the fame kind with the Legs 
(by the the Firft) each Leg win be difli. 
milar to its Adjacent Angle ^ and vm 

For viewipig the SimSy Cofines a»i ^ 
fher Right Lines of Arks iMcb 
sre not vijHfle in a Common 
S fher By *tis convenient to mfe the 
FUnes of the Jrks of three Grest 
Circles of Card Pajle-boirdput toge-. 
ther, Jin an JrmiUafy Sfhere 
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As ra^[)ofe the two Aries BP, B A^ 
and that BPH the Plane of the grai* 






ter Ark were turn'd round BH, tifla 
Bight Line falling fix>m P perpendicnbr 
to the Plane B A I^ may fall on fome 

Poini; 
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Point of the Line CA, fuppofe on D; 
f6r in that Pofition P A B will be a Sphe- 
rick Triangle, Right Angled at A^ BP 
the Sfypotbemufij B A the Baie^ and P A 
the perpendicular Ark. And fuppofe 

PA =P A {See the Ftrfl of the Three 
foregoing Fig.) of the Triangle, and fitted 
according to its Letters therein > draw 
A E, P F perpendicular to B C ; then 
will A E,P F and P D be the Sines of the 
Arks B A, B P and P A, and their Oo- 
fines will be E C, FG and D G. Thefe 
things being done or conceiv'd^ the two 
Firft Axioms of Sfberick Trigonomeiry will 
prefently appear ; andconfequently^the 
Demonftration of the Sixteen Gafes of 
Right-angled Triangles. To which endj 
9* « be fitted in the Solid, according to 
its Letters , than in the two Right-an- 
gled Spherick Triangles PBA, -»B«, 
having the fame Acute Angle at the 
BBle. 
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V 

AXIOM I, 

... , . . 

• * • .' » • 

Jn ^ Rigk^gleiTriMngUsy hiimi^ 
thifmn^ ' Of iqual AcuU Jfjgm at 
the Ba/0f the ^mes cf the Hffathe- 
nuJeiMrefrofcrtitndtotheSimsof 
the PerfendkulMTS^viuVB : F D :; 
wC; mil from Sim. TriMn^ks^ 








AX^ 
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AXIOM H. 
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fitBdfi,tke Him «ftk* ^^ ^ 
-pi^tkuai faih ^Mf^gea^f tf the 
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T^e Firft and Second Axmis may be 
Demonftrated alio by t)us Diagram. 




Mkm IL S,B: S, E V : : P T : jTeangl?*! 
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Thefe two jixkmi may be as well in- 
terpreted without the Ark «*«, ^^^ 
their congruity with plain Trigonome^ 
try appear, by onlyconlidering the Plain 
Right angledTriangles F D Pand EAG *, 
for. 

« 

: I. PFt R:: PD:S, PFD: i. r. 
S, of Hy pothenofe. R : : S of Per pcndi- 
culan S, of the Angle at the Bale. 

II. AE:R::AG:T, AEG=sB, 
i. 0. S of Bafe. R : : T, <rfthePerpen- 
dicular. T, Anele at the Bale. 

For the . Mowing Cafes « I (bppofe 




BAP a Right-angled Triangle, and 

' Lz its 
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its Skies prodw'd to Qpadrants BM, 
BN and AD. Suppofe alfo P£^ 
P F, N G and EG Quadrants *, then 
is N £ = BP 9 and the Complement 
of BA = AM =r Angle ADM^ 
AD and MD being both Qyadrants. 
AlfoEF = Angle FPE = Angle BPAj 
tndGD = NM = AngleatB, and 
.the Angles at A, M, N» E, F, right 
(ByProp. 12.) 

N B. The Reafon of producing thefe 
Sides of the Triangle to Quadrants, is 
l)ecaufe by this means the Angles are 
tum'd iato $ide$, and the Hypotbenufts 
into Bafes and Perpendicuhy:^,^ h c^mrs \ 
whence the Proportions as to the Parts 
of the Triangle given, do Ibmetimes 
&11 in Co-lines and Go-Tangents^ inftead 
of Sines and Tangents. 

{Hmcomts intbi tkfi TABLE*) 



The 



/ 

/ 

/ 



Ing So- 



PA, 
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Sixteen 

■» toge- 
BPjj ^ .jB eafily 

►Three, 
BP, ndEle. 

^ ir Solu- 

PA Mgoous, 

regoing 



termine 
he Pro- 

BAJ k or its 

both of 

PA, 



j^pif 



its Sid<- 

BN ai 

PF. N 

isNE 

of fii 

AD an 

AlfoEl 

•Qjl G I, 

.the Ao^ 

(ByPro^ 

KB. 

Sides of 

J)ecaufe 

turn'd ia 

intoBal!^ 

whence t 

of the '. 

£iinnCo 

of Sines 
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Nf.B. By thefe Sixteen Proportions^ 
together with the Three foregoing So. 
lutions, may Thirteen of the Sixteen 
Cafes of Right-angled Triangles, toge- 
ther with their Ambiguities be ealily 
Iblv'd : and as ibr the remaining Three, 
which are the Ninths Tenth and £le« 
venth in the preceding Table $ fto* you 
have Proportions there for their Solu- 
tion, yet they flill remain Ambignou^s, 
as falling under none of the foregoing 
Solutions ^ fo that you muft determine 
from other Circumftanees of the Pro- 
blem proposM, whether an Ark or its 
Supplement be required, fince both of 
them have the fame Sine. 



^ 



L J , 4?r*. 



Afifoviomcd Trohlems; 

Being the ufeful CAS6S of Right- 
angled SpherickTr/iM^/!?/. 

CASE I. 

Given BV the o's Lo^itutby M»d? 
bis grettefi Deelinstion', Required 
his Right Afcenjiottf or 7 A. 

By the Fourth Cafe. (See T/AU .?ag. i48)< 



R: sP:.'T,BP:T, PA 



•^^i 



B P = 60'. 
P = 23'. 30' 

R = io. 




T,BP 



9. 9^2398 
10. 2^8551 



I 

T, PA = 10. 2oo9fp = S7*« 48' 

CASE 



%' ► 



,v 



r !5i ; 

Chen BP ti/e t^^sLon^ituili^ Mtilt 
his grttieB Decimation 'i Reqtiind 
his frtfem DetUtuti&ny viz. B A. 

By the fifth Cafe, (See tig! Tag, 150) 



tkmtm- 



- ' 1 



R:S,BP::S, P:S,BA 



■IMMMIpM^iia*. 



R= 10 



S,BP = 9. 937531 
S, P = p. 600700 



•T" 



S, B A = 9. saSaji = 20*, i»' 



L4 



CASE 



( If* ) 

CASE in. 

^A the VoUs titighi 4nd 
B A the Comflemeffi if tne V Jm- 
plitude ; Required the time from 
Minighty or P. 

By the Second Cafc,,(5e#Fi5ff.P4jf .i 53) 



lAMiiMi 



|s,P A:R::T,BA: T,P 



B A = 56'» 40* 



S,PA= 9. 895SH 



tatfiiAi 



RiS:iO. 

T,BA= 10.181955 

T,P 58= 10. 288421 := tf2*. 4^' 



CASE 



(15?) 
CAS E IV. 

GpviM the fame Dots ; Required P B 
the ComfUfnent cfthe Sans Decli^ 
nation. 




By Cafe the Seventh, 



R:S,BA::sPA:2,BP 



R= 10. 



S,BA 
SjPA 



9. 739975 
p. 7P4ifo 



s» B P = 9. f 34125 = 30'. 



CASE 



C'54) 
CASE Y. 

Giveg ?B Md BA; Rehired tbi 

Utituie or ^nUs He^h ^ PA. 

By Cafe the t4th, (See Pig. Pag. 153 ) 



2BA:R::2,BP:2PA 



««■ 



2,B A = 9- 739P7S 

R = io. 
jjPB = 9. 53405^- 

s, P A = 9. 794077 = ^ 8". 30' 



CASE 



r 155 -? 

C A S E VI. 

Given P A the Poles Heigh ^ and PB 
the Complement of the Smns Decli- 
nation ; Required the Complement 
of bis Amplitude = B A. 

By Cafe the 14th, (5^^ Fig. Pag. 153) 



2^PA: R::2^BP: 2,BaI 



PA = 51°. 30' 
BP =70°. 

2,PA = 9.7941^1 

R==io. 
•s,BP = 9.5340^2 



2,BA= 9.739901 —33*. 10* 



CASE 



1 



( i5«) 
CASE VII 

JnLMtkude 51" loUthe Su» being im 
the jEquttOTy tmdit heing tvto thuri 
fafk floon ; Required the Smns AUh , 
tude, == A 0. *Tit to he lAftrved tha 
tbePtttitt S or ofiould hejtn M(^ 



E^A 




By Cafe the Firft. 



R : 2, iE G : •• S, 2 E : S, Z O 



^2 = 51*. 30' 

MO = 30'. 



R = 10. 



S,*0 = 9- 9375? I 
a, 2 JE = 9. 7941 yo 

2,2© = 9.731681 =31*. 3/ = 

A o. N.a 



( IJ7 ) 

N. B. The feme Diagram wM ferfc 
alfo for finding the Axumuth, wheo 
the Sun is in the Equator , by liaTiiK 
hfe Altitude. 

Ar, Given MZ the CcJItiiudey sMd 
B Z f^« Complement of the StufsAU 
titttde. Required the mluded jhgk 

By Cafe the TVelfth, 



T,Bz:R:;T,E 2..x,2| 



T, B 2 = lOr ij)}85:{ 



«Vi4iH«M 



= lO. 

T^Z'= 10.099^95 



S,2=: 9.^o5f3a = y3». |4# 



C ASB 



r 158 ; 

CASE vm. 

Imthe Rigbt-of^M Iriangk ARB, giiKk tht 
. Jh^k A =1 the Pile's Heigbt, and A R( 
the Smit DeeUnatim ', Restored KB tit 
Snn*t Altitude at the Hour ^ Six, 




By Cafe the Fifth, 



R:S«RA::S)A:S,RB 



Pole's Height = A = yx°. }Q» 

■ A R = za°. xi' 

JR=io. . . 



S, AR= 9. S392»3 
S,A= 9.893544 

S,RB= 9-43i7<J7 = iS*'4;' ^ 

CASE 



( «59 ) 

C A SB IX. 

Lt th Trttffgfe ZqV, the Sitmhufg 
4tf*^#/tfr Wffiitkartis givijt:Q P, 
the Co-declhatio»f aadZ F) the Co- 
iuitmfle J Required the Jugie^ 2lP q, 
«r fiJ'tf Hoar from Noon. 

By.the iith Clfe^ C^«Sg, P<«; lyS) 



T,Pg:RV:T,P2:s,p| 

Op=^9« 4»•• 
2;P=3«^30^ . 



I " I w 



T, P© = lo. 43;o68 

ft 

mmmmmmmmammmmmmmmk 

R = lo. 
T, P Z = 9. 900605 



S, P = 9. 457537 = 17*- 4-' 

CASB 



( l6o ) 

C A SB X. 

OiveM the fm* Ditd ^ RejMtred hit 
; Jkitude when h^s date E^wJVeJf, 

By. tbe 14th O&f {SitFtgtft^, 158) 

« 

ls,P Z : R ". S,oP;SZoj 



StP2 - 9 



R = id • 



CASS 



C A S E XL 

Ja the TriuigU Z R P, Given ZP 
the Qo-lMituie^ *fulK? the Co* 
Declination : Required the Amk 
RZP or BN the O's Azimuth 
from the North at the hour of Six, 

• « 

By the Second Gafe, (See f^. Tsg, 150) 



S,2P:BL::T,RP:T,2:I 



S,Z P = p. 1941 50 

R =10. 
,T,RP =11.41^485 

J,2 = 11. 121335 = 89% 34'. 



Ml The 



( 1«» ) 

• < • 

T'he Solmion of Oblique S^he^ 
tick T^ria^gles. 

Oblique Spherical Triajogles BWf; be 
reduced to Two Right-^gled Spherical 
Triangles, by ktting fatl a PerpencUcu- 
fer, Wfiich Perpendicular either divides 
the Oblique Tri^Agle prppofed, into ;jt 





D A 



Right-angled Triangles, or makes Two 
Right-angled Triangles, by adding a 
Right-angled Triangle to it, and then 
thefe Rules will arife for their Solutions. 



•» iT 



In Oblique Angled Triangles, there 
are Twelve Gafes, Ten of which (being 

thus 



thus prepared) ipay ,be foiv^'d by the i 
firft Axioms:^ ot Rules deduced from 
them. ( 

R u ri E I. 



The Cofines of the Angles at the Bafe 
are proportioaal to the Sinet of the An-» 
gles at the Vertex^ ( See foregomg Fig). 
Fop ( by Cafe 7 of Right-angled Trian- 
gfes)l 



3.S,BPA:: ;§ ,PA: R") And ex a^uo 

And is fit S ,D:: S,BPAf 

^:S,DPA::S *PA:R > f S,I»i4: 



RULE II. 

The Confines Of the Sides ai*e Propor- 
tional to the Co-fines of the Bafes : For 
(by C^e 1. of Right-angled Triangles). 



S 3A:S BP::R: S ,^^') And ix ^ 

And_ j-S M- ;^._t>A:iS 



, DA:: 



The Sines of tbe &ft« are rfedpf 6cali. 

ly propommal to the Taogenm of the 

5 Mi Angles 



( *«4 ; 

Angles atthe Bafe< ¥orOijAiaem2.')i 



And ^ And ex aauo 

54>A;i:T,PA:i;D5S3A:S,DA::t,D:T; 



RULE IV. 

The Tangents of the Sides are reoi- 
procally proportional to the G)-fines of 
Ihe Angles of the Vertex. For (by Gife 
4 of Right-angled a's)j 

.T^P:T,PA;:R,2,'BPA7 fim 

And Ct, BP:T, DP:: S: 

T^P:T^A::R:S ,DPA ; (DPAig ,BPA! 

AXIOM III. 

In any Triangle, the Sines of the 
Sides are proportional -to the Sines of 
thcOppolite Angles. 

DEMONS TRATION. 

By Axkmi. S,6P : R : : S, FA: S, B. 

And S,DP : R :: S, PA : S. D<r;o S, BP : S, 
OP::S,DS,B. Q, £. D. 
Hirt (tmtt in tbt Sum 

LEKi- 



^- 



Gw0 

bpS 

fak 




V-* 



R: 

rks 

we 



BP:Bi 



iH 






B, P, BH 
BP^D,B 



of 
iae 










Sk 



Ai 
Dl 



LEMMA I. 

The Differeme of the verfed Siaet of 
Tm Jrks xd into i Radius or R : 
= Sine or S i Sam of the Jrks 
ntultiftyd by the Sine ofi Difference 
of the Jrks. 

DEMONSTRATION. 

Let AF, AE be the 2 Arks $ the Dif- 
ference of the verfed Sin?s is AG ~ AH 




= FR And the Sine oft Difference of 
^hc Arks, <pii6,Sine of t FE = FQj and 

M 3 Sine 



{ i46 ) 

Sine of f Sum or 2 of the Arks = AD 
(EP beiag =:'FA ). BuC the Triangle 
ACX> is fimiliar to the Triangle E F B 
(For the a ^t « G 4s fimiiar iDQ the ^ E 
4 «\ thereJwre AC : AD; : EF; EB« and 
AC X FB = EF X AD, wd divi<Jiag by 
J, t AqHFB = FOxAD. Q. E< D. 

A X I O M IV. 

^ Re^angky or Prodfiti of the Sines of 
the Legs. Square of the Radius :: 
Difference of the verfed Sims 'Oftfse 
Bafi^ and of the difference of the 
Legs, VerfedSine ^ the Vertical 
Angle. 

DEMONSTRATrON. 

Refume the aforefaid Circles of Paft- 
board, ( Tag, 143 ) and fuppofe there B 
the Angle required, BA, BP C = BM) 
its Legs, PA the Bafetobe any way o- 
blique.not perpendicular to B A as before. 
Let fall P^ perpendicular to iSw, and ^ y 
perpendiosfar to r«,P h perp^^idiadar to 
% A> and m L perpendicular to^ A ^ tbea 

will 



will Rhht perpendicular to rA; And bh 
=b A— LA =V Bafe-^ V deference of 
the Legs. The Triangles LDm and 
It * D arc fimilar, therefore LD :Db :: 
Urn; D jj,find by compioiition LD -ir D ^ 
= L^:LD::D»i*^- J)fi — fim:9nT>. 
But L D 9» is firailar to AEC, therefore 

AE:AC ::LD:niw::L,*: ^w. Alfo 
the Triangle PBF is fimilar to the Tri^ 
£^0^1e wy C, (the Angles Pig F and ir> C 
heyag right, and fhc Ajagles at .F and C 
v=- from the • Inclination of the Plains) 
therefore PF : F jg : : ^ C : C/, and by di- 
vifiott PF — ¥$=zfim: Pf or fmiitrC 
•r-C/ =>«:«• C, or^rt; and multi- 
plying the correlponding Terms of both 
Proportions, wz^ 

ABAO:hU0m\^ vvifl arife 
iwF:«C::|! »:/«■' 

AExwF; ACx«C :: iL)i(lm:»n» 
Hj*:: bL'.j*- Q; E. D. 



M 4 LEM- 



LEMMA IL 

Thf.verfed Sim of dny Jrk multiflji 
into i the Radius , is equal to tkt 
Sinefquare of \ the Ark. 

DEMONSTRATION. 

The Triangles GAE and FBA being 
iimilar, BA: AE:: FA : AG:: f FA:t 
AC::AE:iAC €rgo^kx% KQ 




= AE ef^ i. e. the rerfed Sine x i Radi- 
^s = fqnare of tjif .iSine of i the Ark. 
Q:E. a ^ '^ 

CASE 



( 1^9 ) 

CASE XI. 

The } Sides of mj Sfherick TrUngk 
hing give^y to find an Angle. 

The ReSangU of tie Sines of the Legs. 
S^uere ef the Radius : : S, t Bafe -4- I 
Difference of the Legs x S, i Bafe ^^ i 
pifference of the Legs. Sffi jingle. 

PEMONSTRATION. 

By jixtom 4, (See Eg. f>/i43) AE x jwF: 
Kq::bL:ym::bLxiK:yAxiK. But 
iLxiR = Sf Bafe+. i Difference of 
the Legs x S i Bafe •r- » Difference of the 
Legs (by Lemma ^)and7«xi R =S^: 
i Angle (by Lemma 2.) therefore AE x 
iwF : Rf::S,tBafe4-iDifr-LegsxS 
i Bafe — i Difference Legs. S^i An-r 
gle. Q, E. Di, 

CASE XII. 

Tl&f Three jingles being given^ to find 

aside. 

The Angles adjacent to the Side re- 
quired, caird Legs, and the Angle op- 

poiite 



( «70 ) 

polite call the Bafe, then vrork as in the 
Laft Cafe ^ for fuch is the Operation in 
the Supplemental Triangle, whofe An- 
gles mi Sides ar^ equal to the Sup- 
plements of the Sides and Angles of the 
Triangle propoCbd s but Arks and their 
Supplfflieiiis ba^ve the fame Sines and 
Tangents. 

Aftrommitcd problems ; 
Being the moft ufeful Cafes in O 
blique Angled Triangles* 

G A SE I. 

Jn the Obiique Angled TrUf^U BPD) 
ghe9^ the Stms Ca^akitude B P= 
46*49^ the Co4mtude P D =38^ 

7^ 




|o' ani X> the Time from Kaon. 
Rejiutr'd PBD the Jtigle 4fth 



( X7J ) 

SufPs Pofitio/ij or that Angle which 
the Sun^s Az>imuth mdhs mth his 
Of ck of Declination. 



S, BP:S,D::S,PD:S, B 



mi l I | w^"w^ 



S, D = p. 598970 
S,PD= 9.794150 

Sum =19.493120 

SjB= 9.4534343 = 2S^. 3?^ or 

(154"*. 27. Ambi. 

^ C A S E II. 

J;; theJAtne Triangle^ Given P D, iiW 
the Angles D j«^ B: Reqair'db? 
the Sun^ Co^ Altitude. 



U,B2S,DP:: S,D:S,BP 

''■■»»» t r i>> n*' if\ I ■ »■ *^ I I I I I f y I I W i lli- 



S,DP= 9.7^)4150 
S,D= 9.<Jp897o 

"j Sum = 19. 49^120 
S,BP= 9.858272 



46^ II'. 
CASE 



( «7a ) 

* 

CASE III. 

J» the Triangle BPD , given VDth 
Complatneta of the Pole's Elevation 
= ^8«. 30'. h?the Sun's Co- Alti- 
tude = 4^ ». 11', and the AngU B 
= 25'. 33'. Re^uir'd BD //&« 
Complement of the Sun's Declintfu- 
on. ("See Fig. p. 1 70). 






By 0^764. R : S, B:: T,BP':T,B A 
By Kde z. S,BP : S, BA :: 2,DP : 2,DA 



Draw the Pcrpendiculaip A P (by Prob. 
6. ) from P the Extream of the givm 
Side B P and oppoiite to the gifen An* 
glc at B, which will relblve the Oblique 
Angled Triangle into Two Right ones, 
which are folv*d by the Two foregoing 
Proportions* 



R = 



( '73 ) 

±,B= 9. 95:5307 
•*>»»* — lo. 01794^ 



T,BA=: 9.973251 = 



43 *. 14'. 




2, B P = 9. 840328 



5,B A=9. 858635 
S,P 0=9.893544 

Sum = 19.75-2179 



SDA = 9.9i,85, -jjo, j^, . 
Tnaagle, B A 4- A D, i.e. 43", i.t Z 



CASE 



r 174 > 

C A S E ly. 

Iff the Oblique dBgle^L TtUngk ZPS ; 
Given the R^Jt Afcentio^ Decli- 
nation and JkkuJbe ef a Sfar, jiif^ 
fcfe df S : Required ifs Azimuth^ 
viz. Let the Star be Afde&aron, 
iphofe Right J^enfon CR = 64^ 
17'. Declination KS = 15^. 48'. 
Co-Elevation cfthe Fok—^"^. ^\ 
as alfo his Altitude AS>= 3,0*^. are 
all given : Refmred the^ Angle atlL^ 
This isfolvd by. Cafe II. 

iSP= 37*. 6' 
tDifflcr = io*.45^ 

ASP 4- i Differ = 47'- S^' 
tSP — iDiflF.cr = 26\ 21^ 



(See Fig. P4|g. 156). 



s;zp 



( 175 ) 

S, 2P = 9. 7P4ifo = jS*. 3or 
S,2S = 5.9?75?i =60*. 



II<ir.=: 19.731^81 

R^ =20. 
S.JSP-HDiffx tSP—Diff:er.= 1^.5x7286 

Sf J LZ = 19.78550$ 
S/{^ Z = 9. 89280a = 51* . ?.i^ 

"therefore Z == 102*. 46* that is'hfs 
A^utb, is nearly £ by S. 



' t 



N ^rtf 



m 
( 

fferefoaoivs th Trpo Vfeful Cafes, Oiu( 
^ J the- Hour of the Day, the Other 
' V ihelStuPs Azimuth', Done after 

Sir Jonas Uooveimhoi, whtcb ts 

very. Jhort and read)/. 

I. iPor the Hour. 

4 

• 8.7798 ;S=S«»w <ffall 4 N«»J. 

9.3899l99=^,«»f <,H/'|a ,^ 
(ivbieb dotibkdts29 .14 



(Sec fJffip^- 170) 



tt. For 



